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MiSTFLACT ,^^5j5 ^rrilON 
The immune responses obtainable in mice following 
immunization with P. berghei antigen-glucan combination v;ere 
rtudicd. The antigen used in these investigations vras isolated 
from infected mouse red blo<?d cells. P. berghei organisms 
were maintained through inoculations in albino mice, via intra-
peritoneal route, k daily -parariteii^ic courit of the infected 
animalF was maintained regularly. VJhen parasitemia reached 
around 6'^fa - 7^%^ the animals vrere bled and the blood collected 
in ACD. The infected rod blood cells were used both for antigen 
isolation and subsequent animal inoculations. The leukocytes 
were removed from infected hlood by repeated v/ashings. V/ashed, 
infected erythrocytes were lysed by treating them with saponin. 
The released parasites vrere collected by slov/ speed centrifu-
gation and then subjected to sonication. This preparation was 
centrifuged at 10,000 rpm for 20 minutes. The supernatant thus 
obtained v/as used as antigen in these investigations. 
Antigen characterization was carried out in column 
chromatographic studies. The antigen resolved into three 
protein peaks on a Sephadex G-200 column. The molecular weights 
of these fractions were 71200, 583OO and 3^ '800 respectivei^y, 
Their Stoke's radii were 3.M+ nm, 3*21 nm and 2.68 nm respectively. 
The values of frictional ratios of the fractions suggested them 
t o be g lobu la r p r o t e i n s . The d i f f u s i o n c o e f f i c i e n t s of an t igen 
f r a c t i o n s v/ere 6.1+8 x lO"'^ cm / s e c , 6 .9^ x 10'"'^  cm / s e c and 
V 2 8.32 X 10"'^ cm / s e c r e s p e c t i v e l y . The above parameters fo r the 
t h r e e an t igen f r a c t i o n s were determined on the b a s i s of gel 
f ^ x t r a t i o n chromatographic s t u d i e s . 
The ant igen p r e p a r a t i o n v/as found cons iderably f ree from 
h o s t c e l l m a t e r i a l s ince anti-mouse e ry th rocy te serum did not 
appear to r e a c t wi th t h i s an t igen p r e p a r a t i o n on immunodiffusion 
and CIS. S i m i l a r l y , mouse e ry th rocy te e x t r a c t was found non-
r e a c t i v e wi th a n t i - P . b e r s h e i serum in immunodiffusion or CH', 
The tvro RBC e x t r a c t s reac ted only with t h e i r homologous ant iserum. 
Tne optimum ant igen dose requ i red to imm.unize a mouse was 
found to be 7^ Jtig in s p l i t doses of 25 JUg and 50 JLig, when given 
in combination with y e a s t glucan. The dose of glucan v/as 
U-0 mg Der kg body vreight. The b e s t route for imjnunization vras 
found to be i n t r a d e r m a l . The mice v;ere imjnunized a g a i n s t 
P. be rghe i an t igen both v/ith or without an adjuvant . The o the r 
adjuvant used v;as FCA. Cel l mediated as we l l as humoral immune 
responses of the immunized mice were va r ious ly de t ec t ed and 
assessed by means of delayed type skin h y p e r s e n s i t i v i t y t e s t s , 
macrophage migra t ion i n h i b i t i o n t e s t s , macrophage spreading 
i n h i b i t i o n t e s t s , immunodiffusion, CIE and IHA t e s t s . The 
an t igen gave a t l e a s t three p r e c i p i t i n bands when allowed to 
reac t with homologous antiserum on immunodiffusion or in CIE 
runs . A peak ant i -malar ia l antibody t i t e r in the serum of 
antigen-glucan immunized mice was 1:102V as determined by dA 
t e s t s . A s l igh t ly lower antibody t i t e r was available in 
antigen-FCA immunized mice. But antigen alone e l i c i t e d only a 
poor antibody response. 
Antigen-gluean immunized mice also gave r i s e to delayed 
type skin react ions upon challenge. Such delayed reactions were 
not present in antigen-FCA or only antigen immunized mice. 
His tological examination of the posi t ive skin react ion s i t e 
showed i n f i l t r a t i o n of lymphocytic c e l l s . Results of macrophage 
migration inh ib i t ion and macrophage spreading inh ib i t ion t e s t s 
fur ther supported the findings that ce l l mediated immune 
responses v/ere available only in antigen-glucan immunized mice. 
All the immunized mice were subsequently challenged x-rlth 
l i v e P. berghei organisms. Antigen-glucan immunized mice showed 
highest degree of protect ion, followed by antigen-FCA and only 
antigen immunized animals. The degree of protect ion was judged 
on the basis of the course of Darasitemia, the prepatent period, 
'the survival of mice follov/ing challenge and the accumulation of 
malaria Tjigment in the l i ve r and spleen t i s sues . All the mice 
in antigen-glucan group survived the challenge with l ive 
p a r a s i t e s . 
Immunocoirrpromised mice were further uned. to study the 
individual role of each lirah of iimnunity, that i s of humoral 
and c e l l mediated immunity. The imraunocompetence of each group 
of mice was f i r s t tested by studying the i r immune responses to 
various t e s t antigens. Humoral responses were tested using 
bovine serum albumin as an antigen, IHA tes t s were used to 
t i t r a t e antibodies following such antigen s t imulat ions. Abi l i ty 
to e l i c i t a ce l l mediated immune response vras checked against 
3CG. Delayed skin hypersens i t iv i ty reactions and macrophage 
spreading inh ib i t ion t e s t s vrere used to detect and estimate ce l l 
mediated immune responses. 
Immunosuppresnors such as cyclopha^hamide, azathioprine 
and hydrocortisone vrere used in this study. Cyclophorphamide 
t rea ted animals before P. berghei immunizations were foimd to 
give a depressed humoral response, although the c e l l mediated 
immune response v;as found s l ight ly augmented. Similar ly , 
azathioprine treatment was found to suppress the ce l l mediated 
immune response. Whereas both types of immune responses vrere 
found suppressed by hydrocortisone treatment. Only a p a r t i a l 
protec t ion was achieved in immunized mice pret reated with 
cyclophosphamide or azathioprine. Hydrocortisone t reated mice 
vrere not protected through immunizations. Cyclophosphamide 
t rea ted immunized mice were found s l igh t ly r e s i s t a n t to 
£• ber,qhei challenge. The probable reason for th is res is tance 
may be t:b.e e l i c i t a t i o n of ce l l mediated imnunity during the 
course of infect ion, althoug^ i t vras very wealc. The r e s u l t s 
of these studies suggest tha t both limbs of immunity are 
involved in ant i -malar ia l host defense. The glucan appeared 
to greatly help in potent ia t ing both the B and T ce l l functions, 
p a r t i c u l a r l y the laJter. 
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ABSTRACT 
The immune responses obtainable in mice following 
inm-unization with P. berghei antigen-glucan combination were 
studied. The antigen used in these investigations was isolated 
from infected mouse red blood cells. P. berghei organisms 
were maintained throiigh inoculations in albino mice, via 
intraperitoneal route. A daily parasitemia count of the infected 
animals vras maintained regularly. When parasitemia reached 
around 65^ - 75/^ » the animals were bled and the blood collected 
in ACD. The infected red blood cells were used both for antigen 
isolation and subsequent animal inoculations. The leukocytes 
were removed from infected blood by repeated v/ashings. Washed, 
infected erythrocytes were lysed by treating them with saponin. 
The released parasites were collected by slow speed centrifu-
gation and then subjected to sonic at ion. This preparation was 
centrifuged at 10,000 rpm for 20 minutes. The supernatant thus 
obtained was used as antigen in these investigations. 
Antigen characterization was carried out in column 
chromatographic studies. The antigen resolved into three 
protein peaks on a Sephadex G-?00 column. The molecular weights 
of these fractions v/ere 71200, 583OO and 358OO respectively. 
Their Stoke's radii were 3.'H-J+ nm, 3.21 nm and 2.68 nm respectively. 
The values of frictional ratios of the fractions suggested them 
to be globular p ro te ins . The diffusion coefficients of axitigen 
f rac t ions were 6.1f8 x 10 ' cm / s e c , 6.92+ x 10~' era / sec and 
—1 2 8.32 X 10"'^  cm / sec respect ively . The above parameters for the 
three antigen fract ions were determined on the bas is of gel 
f i l t r a t i o n chromatographic s tudies . 
The antigen preparation was found considerably free from 
host c e l l material since anti-mouse erythrocyte serum did not 
appear to react with t h i s antigen preparation on immunodiffusion 
and CIE. Similar ly , mouse erythrocyte ext rac t v;as found non-
reac t ive with an t i -P . berghei serum in immunodiffusion or CIS. 
The two RBC ex t rac t s reacted only with the i r homologous antiserum. 
The optimum antigen dose required to immunize a mouse v/as 
found to be 75 JLig in s p l i t doses of 25 iUg and ^Q jUg, v/hen given 
in combination v/ith yeast glue an. The dose of glue an was 
1+0 mg per kg body weight. The best route for immunization was 
found to be intradermal. The mice were immunized against 
P. berghei antigen both with or without an adjuvant. The other 
adjuvant used was FCA. Cell mediated as well as humoral immune 
responses of the immunized mice were variously detected and 
assessed by means of delayed type skin hypersensi t iv i ty t e s t s , 
macrophage migration inhib i t ion t e s t s , macrophage spreading 
inh ib i t ion t e s t s , immunodiffusion, CXE: and IHA t e s t s . The 
antigen gave a t l ea s t three p rec ip i t i n bands when allowed to 
reac t with homologous antiserum on immunodiffusion or in CIE 
runs. A peak ant i -malar ia l antibody t i t e r in the serum of 
antigen-glucan immunized mice was 1il02V as determined by IHA 
t e s t s . A s l igh t ly lower antibody t i t e r was available in 
antigen-FGA immunized mice. But antigen alone e l i c i t e d only a 
poor antibody response. 
Antigen-gluoan immunized mice also gave r i s e to delayed 
type skin react ions upon challenge. Such delayed react ions were 
not present in antigen-FCA or only antigen immunized mice. 
His tological examination of the pos i t ive skin react ion s i t e 
showed i n f i l t r a t i o n of lymphocytic c e l l s . Hesuits of macrophage 
migration inh ib i t ion and macrophage spreading inh ib i t ion t e s t s 
fur ther supported the findings that c e l l mediated immune 
responses were available only in antigen-glucan immunized mice. 
All the immunized mice were subsequently challenged with 
l i v e P. berghel organisms. Antigen-glucan immunized mice shov/ed 
highest degree of pro tec t ion , followed by antigen-FCA and only 
antigen immunized animals. The degree of protect ion vms judged 
on the bas is of the course of parasitemia, the prepatent period, 
the survival of mice following challenge and the accumulation of 
malar ia pigment in the l i v e r and spleen t i s s u e s . All the mice 
in antigen-glucan group survived the challenge vrith l ive 
p a r a s i t e s . 
Ininiunocompromised mice v/ere further used to study the 
individual ro le of each limb of irmnunity, tha t i s of humoral 
and ce l l mediated immunity. The iminunocompetence of each group 
of mice vas f i r s t tested by studying the i r immune responses to 
various t e s t antigens. Humoral responses were tes ted using 
bovine serum albumin as an antigen, ISA t e s t s were used to 
t i t r a t e antibodies follov/ing such antigen s t imulat ions . Abil i ty 
to e l i c i t a ce l l mediated immune response v;as checked against 
BGG. Delayed skin hypersens i t iv i ty reactions and macrophage 
SDreading inhib i t ion t e s t s v/ere used to detect and estimate ce l l 
mediated immune responses. 
Iramunosuppressors such as cyclophosphamide, azathioprine 
and hydrocortisone were used in th i s study. Cyclophosphamide 
t rea ted animals before F . berghei immunizations v/ere found to 
give a depressed humoral response, although the c e l l mediated 
immune response was found s l igh t ly augmented. Similar ly , 
azathioprine treatment was found to suppress the ce l l mediated 
immune response. Vlhereas both types of immune responses were 
found suppressed by hydrocortirone treatment. Only a p a r t i a l 
p ro tec t ion v/as achieved in immunized mice pret reated with 
cyclophosphamide or azathionrine. Hydrocortisone t reated mice 
were not -Drotected. through immunizations. Cyclophosphamide 
t rea ted immunized mice v/ere found s l igh t ly r e s i s t a n t to 
P. berghei challenge. The probable reason for t h i s res i s tance 
may "be the e l i c i t a t i o n of ce l l mediated imraunity during the 
course of infec t ion , although i t was very weak. The r e su l t s 
of these studies vSuggest tha t hoth limhs of immunity are 
involved in ant i -malar ia l host defense. The glucan appeared 
to great ly help in potent ia t ing both the B and T c e l l functions, 
pa r t i cu l a r l y the latter. 
- 1 
ImmunoamplifiGation Activity of Beta-1,3 Glucan using 
Plagmodium bershei Antigen. 
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INTRODUCTION 
Historical Account 
Malarial infection is not only common in human beings, but 
also occurs in reptiles, birds, rodents and monkeys. The disease 
is caused by the parasites belonging to family Plasmodiidae. 
Historically, the description in Edwin Smith's Surgical Papyrus, 
1600 B.C. (Breasted, 1930)) associated Malaria with contaminated 
air. In Papyrus Ebers, 1550 B.C. (Garnham, 1966), the symptoms of 
malaria initially described were: fever, rigour and splenomegaly. 
But Hippocrates was actually the first person to observe the 
symptoms of malaria more precisely. He also described the accom-
panying chills, sweating, periodicity and a few other character-
istic features of various forms of malaria, besides fever, rigour 
and splenomegaly (Boyd, 19^9). There are reports indicating that 
malaria was present in many countries including China, -Egypt, Arab 
and some parts of Europe since ancient times (Boyd, 19U-9). As for 
Americas, some workers are of the view that malaria was not 
present during pre-Columbian era (Boyd, 19if9; Jarcho, 196I4-; Dunn, 
1965; and Coatney ^  JLI. , 1971). While the findings of Sulzer 
ai sl* (1975, 1978) suggest that Plasmodium vivax and P. malariae 
were present in North American subcontinent even before the 
discovery of New World by Columbus. 
Host-Parasite Relationship 
There are many factors which affect the susceptibility of 
host to malaria parasite. These factors include several parasite-
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host in te rac t ions such as immunity, genetic f ac to r s , age, d i e t , 
n u t r i t i o n a l s ta tus of the host , exposure to mosquito b i t e s , e t c . 
lounger animals are more susceptible to malaria in fec t ions . 
Absence of p-aminobenzoic acid in the host d i e t renders i t more 
r e s i s t a n t to infec t ion . The presence or absence of the immune 
system or the organs responsible for i t affects the course of 
in fec t ion , as also the suscep t ib i l i ty of the hos t . For example, 
absence of spleen can convert a r e s i s t a n t host in to a susceptible 
one, or low grade parasitemia can be converted in to a fulminating 
high grade parasitemia (Garnham, 1970)• 
Human being are infected by four types of malaria para-
s i t e s , v i z . P. falciparum, P. vivax, P. ovale and P. malariae. 
Malaria pa ras i t e s infec t mammals, aves and r e p t i l e s . The study 
of non-human malaria in the na tura l environment i s often d i f f i c u l t . 
Therefore, most of the information available regarding the 
disease of wild animals has come from studies done in cap t iv i ty , 
or in unnatural hos t s . Many of these animal inves t iga t ions have 
provided useful information for achieving a b e t t e r understanding 
of the disease in the human system. 
Rodent Malaria 
Rodent malaria provides a very convenient and su i table 
model for the study of human malaria. Rodents are infected by 
many closely re la ted species of Plasmodium. Rodent malaria 
infect ion i s more confined to west and centra l Africa. The 
_ It- _ 
plasraodial species and subspecies which infec t rodents are about 
ten in mirnber. One of them, Plasmodiuun berghei , was f i r s t 
discovered by Vinckei and Lips in I9V8. 
Various species and subspecies of rodent malaria exhibi t 
d i f f e ren t degrees of virulence in unnatural hos t s . The virulence 
also great ly depends on the age and s t r a in of the hos t . The 
mortal i ty ra te due to P. berghei infect ion varies with the s t r a in 
of the hos t . 
Carrescia and Arcoles (19^8) have reported the biraodal 
nature of the mortal i ty curve. None of the species of rodent 
malaria paras i te shows synchronicity, so i t i s very d i f f i c u l t to 
assess the per iodic i ty of the various blood stages in rodent 
malaria. However, the studies show that P. berghei and P. y o e l i i 
take about 22-2? hours while P. vinckei takes about 2^ hours 
(Landau, 1978) to complete the i r schizogonic cycle in the blood. 
Life cycle and Mo mho logy 
The infection of ver tebrate host begins with the in jec t ion 
of sporozoites through mosquito b i t e . The sporozoites of 
£• berghei are of typ ica l mammalian type. They are very slender, 
often s ickle shaped, and 11-12 JUm in length. The nuclei of 
sporozoites often appear segmented. These sporozoites reach 
various organs and t i ssues through blood s tages. In mammals, 
parenchymal ce l l s of the l i ve r are invaded by the sporozoites, 
where they divide to reach to merozoite stage. I n i t i a l l y , the 
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exoerythrocytic stages are round, measuring about 13 hm and 
containing multiple nuclei (two to five). They mature to reach 
to a smooth-contoured schizont, having undergone rapid nuclear 
divisions and cytoplasmic segmentation. Sach schizont measures 
about 2^ -^ -8 km and contains about 8,000-20,000 small infective 
merozoites. These merozoites on reaching blood circulation, 
invade erythrocytes to give rise to signet ring stages. Signet 
rings develop into larger vacuolated trophozoites which contain 
malarial pigments. Each trophozoite gives rise to a schizont 
containing 12 to 18 merozoites. The merozoite yield depends 
partially on the host species and the number of sporozoites 
inoculated. The morphology of schizont ranges from large and 
plump to small and ragged rosettes. The schizont develops into 
a segmenter stage containing many merozoites. On maturation, 
the merozoites are released only to reinvade new erythrocytes 
for giving rise to a typical erythrocytic cycle. After repetitive 
cycles, a few blood stage cells differentiate to form macro- and 
micro-gametocytes. The P. berghei gametocytes are large (8-9 ytim 
in diameter) and spherical. These gametocytes are ingested by 
the mosquito while feeding on the vertebrate host. The gameto-
cytes develop into mature gametes by a process of exflagellation 
in the stomach of mosquito. This process takes about 10-1^ 
minutes at 27 C. The mating of micro- and macrogametes takes 
place and the resulting zygote comes to lie on the outer wall of 
the stomach. The zygote elongates to form an ookinete stage. 
The ookinete travels through the intestinal epithelium of the 
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arthropod host and comes to rest beneath the basal lamina, where 
it develops into an oocyst having a diameter of about 1+5 jam^ 
(Carter and Diggs, 1977). Inside an oocyst, thousands of sporo-
zoites are formed through asexual multiplication. At maturation, 
the diameter of an oocyst may reach 5^0 Jim or even more. The 
sporozoites are released into the hemolyraph from where they 
migrate to the salivary glands of the mosquito. They penetrate 
the glandular cells and reach the lumina of the salivary ducts 
(Sterling ejb ^ . , 1973). These sporozoites are released in the 
vertebrate host with the next bite of the arthropod host. 
Pathogenecity 
Malarial infection is usually accompanied with anemia 
resulting from red blood cell destruction of the host. Various 
workers have reported that the life span of even an uninfected 
erythrocyte is decreased during malarial infection (Stohlman 
ei ai., 1963; George ^  al., 1966; Wright and Kreier, 19^9; Swann 
and Kreier, 1973; Rosenberg e^ al., 1973). Although, the primary 
cause of hemolysis appears to be the intraerythrocytic schizogony 
of the malaria parasite, but this may not be the only cause. The 
extent of hemolysis, as determined by the amount of hemoglobin 
in plasma depends upon the phase of infection rather than the 
magnitude of parasitemia (Zuckerman, I960), Several studies tend 
to suggest that malarial infection induces some defects in the 
erythrocyte membrane, as well as in the plasma fluid of the host. 
Many workers have studied the changes induced in the red blood 
cell membrane of the host and also the changes in plasma. Eisen 
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(1977)> by means of cytochemical techniques, has demonstrated 
the redistribution of spectrin within parasitized erythrocytes. 
The level of galactose and galactosamine containing glycoproteins 
is decreased in the infected cells (Trigg et al., 1977)* The 
loss of high molecular weight fractions might represent the loss 
of band Ill-type transmembrane glycoproteins. This is further 
supported by the decrease in concanavaline-A binding sites on 
P. knowlesi schizont infected cells (Trigg e_b al., 1977)* The 
sialic acid content is also decreased which results in decreasing 
the electrophoretic mobility of parasitized erythrocytes. The 
cholesterol level is also decreased (Seed and Kreier, 1972) 
making the red blood cell membrane more rigid and less elastic 
(Nicolson, 1976). In erythrocytes containing mature parasites, 
the normal uniform mosaic pattern of surface phospholipid appears 
to be interrupted by enlarged aggregated phospholipid plaques 
(Cooper and Miller, 197^ 5 Seed ei al., 197^). 
The changes in the environment of erythrocytes include 
increased macroglobulin level (Abele et aJL., 1965) and a lowering 
of the pH (Seed and Kreier, 1972). Due to these changes the 
electrical charge on the erythrocyte is reduced and plasma visco-
sity is increased. These factors are supposed to promote sludg-
ing and capillary blockage. Fife ejc, ^ . (1972) isolated a crude, 
highly pyrogenic, lipoidal hemolytic factor from P. knowlesi 
infected erythrocytes. This low molecular weight factor (»>^ 500) 
was capable of inducing osmotic fragility both ia vitro and in vivo. 
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Plasma concentration of octadecanoic fatty acid is increased 
2^ to 7^ fold during malarial infections (Laser, 19^; 1950? 
Holz, 197?)• This fatty acid is hemolytic. Plasma concentration 
of proteolytic and lipolytic enzymes is generally increased 
(Seed and Kreier, 1969; 1972; Kreier, 1969). The only soluble 
endotoxin contributed by the parasite is a highly antigenic, 
histidine rich lytic protein which is associated with anterior 
organelles of merozoites (Kilejian, 197^; 1976; Kilejian and 
Jensen, 1977)* The presence of IgM, IgG and IgA antibodies 
directed against infected, uninfected and trypsinized erythro-
cytes has been reported during malarial infections (Kreier ei al., 
1966; Kano et al., 1968; Rosenberg ei ^ . , 1973; Voller, 197if). 
Many autoantigens have been found to be invol-ved in the auto-
immune disorders occurring during malaria (Topley ^  ^ . , 1973). 
The autoantigens also include modified antigen-antibody complexes. 
The reticuloendothelial system is also activated during early 
stages of an infection (Cox ejb al., 196I+; Kitchen and DiLuzio, 
1971; Loose et al., 1972). Loose et al. (1972) reported a Wfjo 
increase in the clearance rate of ^Icr labelled sheep erythro-
cytes from the blood circulation in a P. berehei infected mice. 
But at very high parasitemias, the vascular clearance of the 
foreign substances is decreased (Cox ^  jtl., 1963, 196^+), reducing 
antigen processing by the macrophages. This can be related to 
the immunosuppressive condition occurring as a consequence of 
acute malarial infection. The reticuloendothelial system becomes 
hyperactive due to an increased phagocytic activity during 
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malarial infections (Neva et ^ . , 1970; Zuckerman ei ^ . , 1973)* 
The reticuloendothelial cells phagocyte both parasitized and 
unparasitized RBCs, causing an extensive red cell destruction 
(Zuckerman, 1977)* 
Enlarged spleen has long been recognized to be associated 
with malaria (Coggeshall, 19375 Jervis ejt al., 1972). The spleen 
enlargement is accompanied by hyperplasia and hyperemia. The 
white pulp hyperplasia is due to the proliferation of endothelial 
cells, macrophages and Ijrmphoid elements. The malaria pigment is 
accumulated in the spleen. The parasitized red cells, parasites, 
pigment and altered red cells stimulate reticuloendothelial 
system, resulting in an increased rate of erythrocyte destruction 
by the spleen. The obstruction of arteriols and capillaries in 
the pulp of spleen due to thrombosis causes hemorrhage. 
The hepatomegaly is also associated with malarial infec-
tions. In P. berghei infections, the wet weight of liver has 
been found to increase while the dry weight remains unchanged, 
indicating that the increase was due to oedema (Jervis et al., 
1968). The colour of liver becomes darker due to pigment 
deposition in the reticuloendothelial system. The endothelial 
cells lining the liver sinusoids divide rapidly for increasing 
the number of macrophages. The splenic macrophages also enter 
the liver. The presence of increased number of cells including 
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parasitized red blood cells in the liver sinusoids creates 
hinderance in the blood circulation and causes necrosis. There 
is an infiltration of lymphocytes and granulocytes in the liver. 
The liver glycogen is decreased while the amount of fat is 
augmented (Jervis et al., 1968). 
The main pathological changes occuring in the lungs during 
malarial infection are pulmonary oedema, congestion, and the accu-
mulation of pigment laden macrophages in the capillaries. 
Immune Responses During Natural Infection 
The immune responses against malaria are weak and the 
resulting immunity, even after repeated infections, is not very 
protective. More likely, the antigenic variation and immuno-
suppression appear to be the two possible methods by which malaria 
parasites evade the immune responses of the host (Voller and 
Rossen, 1969; Wilson and Phillips, 1976). During the infection 
of malaria an antibody response is almost always accompanied with 
a stimulation of the reticuloendothelial system. Plasmodial 
parasites are engulfed by macrophages even in the absence of spe-
cific antibody response (Chow and Kreier, 1972). In infected rats, 
the presence of some soluble products released from macrophages 
has been reported by Wyler (1978). These products are capable of 
inducing lymphocyte transformation. Gravely and Kreier (1976) 
have demonstrated the role of lymphocytes in the resistance against 
malarial infections. But it is not only the stimulation of macro-
phages or lymphocytes which is responsible for the resistance 
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against malaria. Gravely and Kreier (1976) in their experiments 
on P. berghei infections in rats have demonstrated the presence 
of some soluble factor in the immune serum. This serum factor 
has been shown to work more efficiently in combination with 
macrophages. Seitz (197^) had reported that mice die due to 
P. berghei infections, even though they may have had antibodies 
against plasmodial antigens. On the other hand, antibodies have 
also been shown to protect the mice against P. berghei infections. 
These observations suggest that all antigens are not protective. 
There seems to be a competition between the antigens involved in 
protection and others. Jayawardena et §1. {^^77) reported the 
involvement of T cells even in the antibody response against 
£• yoelii in mice. The role of splenic T lymphocyte proliferatioa 
in the recovery from plasmodial infections has been emphasized by 
Gravely et al. (1976). Proliferation of T lymphocytes during 
£• berghei infection in rat is followed by a hypertrophy of B 
cell system. These findings suggest that T cells may be funct-
ioning as helper cells. Gravely and Kreier (1976) has found that 
immunity against P. berghei can be transferred with differentiated 
B cells. It seems like T and B cell cooperation is more 
effectively operational in protecting the host (Brown et sQ,., 
1976 a,b). This may be due to the ability of B cells to produce 
antibodies against new variants of Plasmodia in the presence of 
immune T cells. 
The resulting splenomegaly in malaria (Roberts &Weidanz, 
1978) is actually due to an activation of macrophages to a hyper-
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phagocytic state through T cell mediation (Brown, 1971; 
Krahenbuhl et al., 1973)• But this T cell-macrophage inter-
action does not usually produce any long lived memory, or immunity 
in the host. Recently, Taylor et al. (198O) have reported a 
certain increase in the splenic null cells during P. knowlesi 
infections in monkeys. 
Antibody mediated humoral immune responses are also elicited 
during natural plasmodial infections. Antiplasmodial antibodies 
have been demonstrated both in IgM and IgG classes. The IgM secre-
ting cells start producing IgG antibodies as a result of long term 
antigenic stimulation (Cohen and Butcher, 1971; Cohen et al., 1977; 
Sterzl and Nordin, 1971)* The immune responses against malaria 
are generated early in the course of an infection. Zuckerman 
et al. (1969) have demonstrated the presence of antiplasmodial 
antibodies in rats and mice by precipitin reactions. Finerty 
et al. (1972) used indirect fluorescent antibody test to measure 
antibody response against plasmodial infections in mice. Poels 
and Yan Niekerk (1977) emphasized the presence of elevated levels 
of antibodies, though they were not found specific for P. berehei 
infections in mice. Some of these antibodies appear to be auto-
antibodies directed against erythrocyte membrane components 
(Kreier et al*, 1966; Seed and Kreier, 19^9; Rosenberg ei al.y 
I973)j or to nucleic acids (Kreier and Dilley, 1969). Similarly, 
heterophilic antibodies have also been detected (Houba ^  ^1., 
197^)• Since all antiplasmodial antibodies are not protective, 
their level generally does not correlate with the presence or 
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absence of immune protection. There is some evidence that mero-
zoites' surface proteins are more important in the induction of 
protective immunity (Saul and Kreier, 1977; Grothaus and Kreier, 
1980). Recently, Jungery si ^ « (1983) have reported the presence 
of some lectin like polypeptides in merozoites which bind to the 
red blood cell membrane. These sialoglycoproteins are thought to 
be involved in the invasion of erythrocytes by merozoites. 
Serum complement levels are reported to decrease in 
P. knowlesi infected monkeys, P. berghei infected hamsters and 
P. qallinacium infected chickens. Fogel et al. (1966) have obser-
ved appreciable fall in serum complement levels in animals at the 
time of merozoite release during synchronized infections of 
P. knowlesi. These studies do not indicate that complement is 
involved in the destruction of malaria parasites. Ree (1976) has 
suggested that it may have some role in the hemolysis during 
malarial infections. 
The reticuloendothelial system is also affected during the 
course of malarial infections. Lucia and Nussenzweig (I969) have 
observed stimulation of reticuloendothelial system in mice infected 
with P. chabaudi and P. vinckei. The reticuloendothelial system 
returns to normal after recovery. Loose and DiLuzio (1976) have 
also observed similar stimulation of reticuloendothelial system 
in the infected mice. 
Isolation of Malaria Antigen 
The isolation of malarial parasite in its pure form is a 
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rather difficult task because of the intracellular nature of parasi-
tes. Parasite material is usually contaminated by the host ery-
throcyte material. Isolation of malaria antigen involves the 
separation of parasitized erythrocytes and the subsequent release 
of parasites by disrupting the infected eiythrocytes. 
The source of parasitized erythrocytes is the blood from 
infected hosts. Isolation of malaria antigen is usually carried 
out in a host system which gives rise to a high parasitemia. 
Parasitemia can be increased by splenectomy or treatment of the 
host with phenylhydrazine before infection (Kreier ei jJ.., 1976). 
After the removal of plasma, leukocytes and platelets can 
be removed with the buffy coat after centrifugation (Zuckerman 
et al., 1967), or by suspending blood cells in several volumes of 
dextran solution and removing the supernatant after sedimentation 
(Zuckerman gt al, y 19^7; Langer jgt al., 1967)* Sedimentation velo-
city centrifugation of washed blood on dextran (Levy and Chow, 
1973), or sucrose (Williamson and Cover, 1966), or Ficoll-Hypaque 
(Wallach and Conley, 1977) have also been used to remove leuko-
cytes from the blood. Brown ^  al. (I966) first released the para-
sites from washed blood cells and removed them by filtration 
through a millipore filter of ^ jam pore size. The leukocytes from 
washed blood can also be removed by passing it through a column of 
filter paper povrcler (Homewood and Neame, 1976), or through a 
column packed with equal parts of oc-cellulose and microcrystalline 
cellulose (Beutler ei al., 1976). 
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Various physical, chemical and immunological methods are 
in use to release the parasites from infected erythrocytes. 
Coggeshall and Saton (1938), Dulaney and Stratman-Thomas (19^0), 
Mayer and Heidelberger (19^6), Stein and Desowitz (196^-), Chavin 
(1966) and Pewny (1978) have isolated malaria antigen by hypotonic 
lysis of infected erythrocytes. The malaria antigen isolated by 
hypotonic lysis was generally found contaminated with the erythro-
cyte material. 
It has been shown that ultrasound can disrupt erythrocytes 
(Verain and Verain, 19^6). The main problem for using ultrasound 
as the lytic agent is that there is no fixed combination of time 
and frequency with which erythrocytes can be disrupted without 
causing any damage to the parasite (Prior and Kreier, 197?)• This 
problem was resolved by the development of a continuous-flow system 
(Prior and Kreier, 1972 a,b). 
The rupture of cells by sudden decrease in pressure was 
used by D'Antonio et al. (1966 a,b) for releasing malaria para-
sites. In this method infected erythrocytes are decompressed under 
controlled conditions in a French pressure cell. This treatment 
results in freeing some intact parasites, but many of them are 
disrupted (Kilby and Silverman, 1969). Wallach and Conley (1977) 
have used nitrogen cavitation for the release of malaria parasites. 
Chow and Kreier (1972) and McAlister and Gordon (1977) 
described a method for the release of parasites. A 10^ suspension 
of parasitized erythrocytes is passed through a syringe fitted 
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with 27-guage needle, or through a filter membrane of 3-5 Xim pore 
size. 
The use of saponin for the lysis of parasitized erythro-
cytes is very old. It was first used by Christophers and Fulton 
(1939)* This method has been used by many workers with some 
adaptations (Spira and Zuckerman, 1962; Zuckerman ^  ^ . , 196?; 
Jerusalem and Sling, 19^9; Siddiqui et al., 1978 a,b). Jerusalem 
and Eling (1969) have shown that the parasites released by saponin 
lysis are free from host cell material. Siddiqui et al. (1978 b) 
showed that saponin was the most efficient substance for hemolysis, 
as also for removal of membrane proteins and sialic acid from red 
cell membranes. 
Martin et; al. (1971) used ammonium chloride to lyse the 
malaria infected erythrocytes. The parasites isolated by this 
method have been reported as morphologically intact and free from 
red cell membrane. Since prolonged exposure of freed parasites 
to lytic solutions may cause lysis, therefore the time of exposure 
should be controlled (Prior ei al., 1973)* 
Hemolytic antiserum alongwith complement has been used by 
various workers for the isolation of parasites from infected ery-
throcytes (Trager, 1950; 195^; Trager ^  al., 1972; Langer et al., 
1967; Bowmen et, al., 196O; Trigg si al., 1975)' Jerusalem and 
lling (1969) have reported that the parasites released by this 
method are not free from erythrocyte material as they are confined 
in the erythrocyte membrane. 
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Coleman et a l . (1979) Tia-ve used heat s table hemolysin 
produced by Pseudomonas aeruginosa for the l y s i s of P. berghei 
infected erythrocytes . Recently, Heidrich et a l . (1982) have used 
a new approach for the disrupt ion of paras i t ized erythrocytes. 
The infected erythrocytes were crosslinked by t r ea t ing them with 
phytohemagglutinin. These c e l l s were passed, with minimal force, 
through successive 100-, 20- , 10-, 5- and 3- Jam nylon f i l t e r s . 
The supernatants obtained af ter centrifugation of the f i l t e r e d 
suspension were pooled and used to i s o l a t e the p a r a s i t e s . 
iMitchell e t a^l. (1973? 197^) have made use of the natural 
rupture of erythrocytes to i so l a t e the merozoites of P. knowlesi. 
These merozoites were not viable though. Dennis ejb a l . (1975) 
have devised a method for i so la t ing viable pa r a s i t e s . The host 
red blood c e l l debr is from the free paras i tes can be removed by 
slow speed centrifugation (Prior and Kreier, 1972 a , b ) , or by 
densi ty gradient centr i fugat ion. Various types of gradients have 
been used for t h i s purpose. These include sucrose gradient 
(Siddiqui e t a l . , 1978 a ,b ) , BSA gradient (Eisen, 1977) and 
Ficol l-paque gradient (Coleman e i aJ.., 1979). Free flow e lec t ro -
phores is has also been used for the separation of pa ras i t e s 
(Heidrich e t a l . , 1979, 1982). 
The next step in the i so la t ion of malar ia l antigens i s the 
d i s rup t ion of p a r a s i t e s . Various techniques used to d i s rupt the 
p a r a s i t e s include: l y s i s by d i s t i l l e d water (Cook et a l , , 1971); 
by Tri ton X-100 (Sherman et a l . , 1975)? freezing and thawing 
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(Sherman and Hull, 196O; Sherman, 1961+); sonication (Todorovic 
gt al», 1968; Diggs, 1966; Sodeman and Meuwissen, I966; Ward and 
Conran, 1966); treatment in a French-pressure cell (D'Antonio 
£t al., 1966 a,b; D'Antonio, 1972; Scheibel and Miller, I969), or 
a Hughes press (Spira and Zuckerman, 1962), and homogenization 
(Jerusalem §t al., 1971; Rock ei al., 1971; Coradetti et al., 
1966). 
Immunization Against Malaria 
The isolated P. berghei parasites have been used to 
partially characterize the protective antigens in vaccination 
experiments (Grothaus and Kreier, 198O). Saul and Kreier (1977) 
were able to isolate a soluble protective antigen by washing 
sonically freed P. berghei parasites in cold saline. This antigen 
stimulated a very strong protective response equal to that of 
free parasites from which it was washed. These findings were, 
later confirmed by Grothaus and Kreier (198O). 
Almost all the stages of malaria parasite i.e., erythro-
cytic stages, gametocytes, exoerythrocytic stage and sporozoites 
are constantly under study for their use as possible agents for 
vaccination purposes. Although, the major efforts are mainly 
confined to erythrocytic stages of the asexual cycle. 
Till date, numerous studies on vaccination of animals 
against malaria have been carried out. Such studies have been 
done in avian, rodent, monkey and human malaria systems. Redmond 
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(1939) and Gingrich (19^1) used formalin and heat killed blood 
stages of P. cathemeriuia for the immunization of canaries. Jacobs 
(19^3) showed that only very little protection was achieved 
through vaccination of ducks with killed P. lophurae. But the 
use of staphylococcus toxoid as an adjuvant increased the degree 
of protection. In 19^5 Freund jgi al. demonstrated the effective-
ness of Freund's complete adjuvant (FCA) in the immunization of 
ducks against killed P. lophurae* These findings were later con-
firmed by Thomson et al. (19^7) and Coffin (1951) with 
P« cathemerium, although Coffin (19^1) was unable to protect 
chickens by using the same technique. Kilejian (1973) for the 
first time used a purified plasmodial protein for animal immuniza-
tions against malaria. A histidine rich protein isolated from 
blood stages of P. lophurae was used for the immunization of 
ducklings. No adjuvant was employed in these immunizations. Also, 
the protective effect or the immunity was passively transferred 
through serum or globulin. 
Zuckerman et al. (1967) administered a cell free extract 
of £• berghei both with and without adjuvant, resulting in the 
elicitation of immunity in rats. The criteria for the assessment 
of immunity were; altered parasitemia; mortality rate; duration 
of patency and the incubation period. The binding of P. berghei 
antigen to carboxymethyl cellulose was also found to immunopoten-
tiate the antigen (Desowitz, I967). Corradetti e^ al. (1966) and 
Wellde and Sadun (1967) irradiated P. berghei infected erythro-
cytes for immunization of rodents. D'Antonio e^ al. (1966 a,b) 
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described methods for the disruption and release of P. herghei 
using French pressure cell. The isolated plasmodial material was 
purified by column chromatography. This plasmodial fraction was 
found immunologically active for inducing an immunologic protec-
tion against P. berghei infections in mice, (D'Antonio et al.j 
1969; 1970). Desowitz in 1975 found two surfactants, saponin and 
hexylamine, as fairly effective adjuvstnts. FCA did not induce 
any protective immunity when given in combination with P. berehei 
antigen. Clark et al. (197^ a,b) studied the adjuvant effect of 
BCG and Corvnbacterium parvum in rodent malaria system. The 
elicited immunity was found as non-antibody mediated and mainly 
nonspecific. Playfair et al. (1977) used Bordetella pertussis 
organisms to achieve a high degree of immunity in mice against 
P. yoelii. The protection so achieved was species specific. 
Targett and Voller (I965) reported that there was no 
correlation between gammaglobulin level and the degree of protec-
tive immunity. Similarly, fluorescent antibody titres were found 
to correlate poorly with host protection (Targett and ?oller, 
1965). Brown et al. (1970) reported that protection obtained 
against P. knowlesi in rhesus monkeys by immunizing them with 
killed schizonts in FCA was higher than that obtained by drug 
suppressed infections. Although, immunity obtained by drug 
suppressed infections was found ineffective against other strains 
of the parasite. In contrast, the animals immunized with killed 
schizonts in FCA, were also found resistant against other strains 
of P. knowlesi. Use of Freund's incomplete adjuvant (FIA) instead 
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of complete adjuvant, did not produce any protective effect. 
Cohen et jJL. (196I, 1969) found that protective antibodies axe 
not effective against intracellular parasites. Instead, they 
bind themselves to the merozoites at the time when mature segmen-
ters disrupt and merozoites are released. Immune serum against 
extracellular merozoites was found to agglutinate free merozoites, 
preventing their entry into the red blood cells (Butcher and Cohen, 
197O; Butcher^ M M 1973)* Mitchell et al. (197^, 197^) success-
fully immunized rhesus monkeys against P. knowlesi using merozoites 
emulsified with FCA as an antigen. Such immunizations afforded 
protection to the hosts against homologous as well as heterologous 
strains of P. knowlesi. They also found that FIA did not produce 
the desired protection. Mitchell et al. (1977) further demonstra-
ted that frozen or freeze dried merozoites were as effective as the 
fresh ones, but their pretreatment with formol reduced their 
immunological potency (Butcher ei al., 1978). 
Use of Adjuvants for Immunizations 
Many types of adjuvants have been used in combination with 
malaria antigen for immunization purposes. The use of adjuvant 
has been found necessary to evoke a protective immune response 
against malaria. In most of these studies FCA has been used as 
FIA does not seem to elicit a protective response. Muramyldipep-
tide (MDP) in mineral oil or peanut oil has been used as an 
adjuvant with partial success for the vaccination of owl monkeys 
against P. falciparum (Reese ^  al., 1978; Siddiqui ^  al., 1978 a). 
Likewise, many derivatives of MDP have also been used as adjuvants. 
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Siddiqui e^ al. (1978 b) recently demonstrated that stearoyl-MDP 
could replace FCA for effective immunization of owl monkeys against 
£• falciparum. In these studies stearoyl-MDP was used with 
carrier liposomes. The use of this adjuvant did not produce any 
skin lesions at the site of inoculation. Recently Holbrook et 9,1. 
(1981) have used yeast glucan as an adjuvant for immunization of 
mice against P. berghei. Formalin treated blood stages of the 
parasite were used as the source of antigen. The immunization 
resulted in 100^ survival using NK-65 strain, while with NYU-2 
strain the survival rate in the immunized group was similar to 
that of controls. Gillet et JLI. (1978) have demonstrated that 
administration of yeast glucan prior to challenge provided a non-
specific resistance to the host against P. berghei infection. 
Similarly, Nussenzweig (1967) found that administration of killed 
Corynebacterium narvum provided a non-specific protection to the 
mice against sporozoite induced infections of P. berghei. 
Many microbial products, particularly their polysaccharidic 
components possess the property of enhancing non-specific host 
resistance if given prior to the infection. Such products have 
also been shown to possess tumoricidal activities, p-1,3 glucans 
isolated from Saccharomyces cerevisiae (glucan), Schizophvllum 
commune (schizophyllan) and Lentinus edodes (lentinan) have been 
widely studied (Song and DiLuzio, 1979). It has been established 
that the non-specific protection is provided by glucan through 
stimulation of the reticuloendothelial system of the host (Song 
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and DiLuzio, 1979)• The infections in which glucan has been found 
useful include : Staphylococcuis aureus, Mycobacterium leprae j 
Mycobacterium tuberculosis, Cryptococcus neoformans, P. berghei 
and ToxoDlasmosls ^  etc. Glucan when used as an adjutant for 
immunizations against P. berghel (Holbrook ei ^ . , 1981), Entamoeba 
histolytica (Ahmad et al., 1980) and Babesia microti (Benach ji jl., 
1982) was found to elicit a specific protective response. 
As concluding remarks, it could be stated that both B and 
T lymphocyte activations are needed for mounting an effective 
protective immunity against malarial infections. Although in 
natural infection, the cell mediated immune responses are not 
elicited. It would be worthwhile to undertake studies, in order 
to find out the actual components of the immune responses which 
are potentiated by adjuvants such as glucan. If only antibodies 
were responsible for protection against malaria, then the suppre-
ssion of cell mediated immunity should not result in depressing the 
extent of protection obtained through immunization, neither CMI 
alone seems to be involved in protective mechanisms. If both limbs 
of immunity are involved, then suppression of any one of them would 
subsequently result in the loss of host's protective ability. 
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kim MD 0BJ3CTS OF THE PRESSNT STUDY 
Present study was aimed to investigate the immune responses 
of mice in experimental infections of P. berghei. Certain aspects 
of the immune responses obtained after experimental immunization 
of mice against P. ber;2:hei antigens were studied. Attempts were 
made to immunize the animals with antigen-glucan combination and 
further, to determine the limb of immunity which is actually 
potentiated following such a procedure. The protective response 
following immunization was studied in detail. The plan of study 
was as follows: 
1. P. berghei organisms were maintained ifl yivo for antigen 
isolation and for the production of disease in experimental 
animals. The animal model system used in these studies was 
albino mouse (Hissar strain). 
2. The isolated antigen from P. berghei was characterized by 
carrying out gel filtration chromatography. 
3. Animals were immunized against P. berghei antigen using FCA 
and glucan as adjuvants. 
h* Humoral immune responses were studied in immune sera samples 
by means of several antigen-antibody reactions. 
5. The cell-mediated immune responses were assessed by employing 
delayed type skin hypersensitivity reactions, macrophage 
- 25 -
migration inhibition and macrophage spreading inhibition 
tests. 
6. Histological studies of the reaction sites were carried out 
in order to determine the cell types present at the skin 
reaction site. 
7. The protective role of the elicited immune responses was 
assessed by challenging the immunized animals. The various 
parameters used to evaluate the protection were? 
a) The course of parasitemia, 
b) Body weight/spleen weight ratio, 
c) Body weight/liver weight ratio, and 
d) Accumulation of malaria pigment in liver and spleen 
tissues. 
8. Immune responses were further characterized by depleting the 
humoral or cell mediated immunity, or both types of immunity 
through use of various immunosuppressors. 
9. Sach type of immunocompromised hosts were immunized for 
testing their immune responsiveness and the role of humoral 
and cell mediated immune responses in protection. 
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E3CPSRIMMTAL 
A. MATSRIAIS 
P. berghel infected mice were i n i t i a l l y obtained from the 
Biochemistry Division of the National I n s t i t u t e of Communicable 
Diseases , Delhi , India . 
Healthy, male albino mice (Hissar s t r a in ) and guinea pigs 
were used in these s tudies . 
Yeast glucan was received as a generous g i f t from 
Prof. P . J . Jacques, CIRMAP, Brussels , Belgium. Sephadex 0-200 
and Blue Dextran-2000 were purchased from Pharmacia Fine Chemicals, 
Sweden. 
Other special reagents used were: acid c i t r a t e dextrose 
(ACD) and human O'red blood ce l l s (Blood Bank, J.N. Medical College, 
Al igarh) ; Leishman s ta in (B.D.H., England); saponin, bovine serum 
albumin, ovalbumin, lysozsrme, coomassie b r i l l i a n t blue and azathio-
pr ine (Sigma Chemical Company, U.S.A.); FCA (DIFCO Laboratories , 
U.S.A.); agarose (Litex, Denmark); amidoschwartz (E. Merck, Germany); 
tannic acid (W.J. Bush and Co., England); Hank's balanced s a l t 
solut ion (Department of Microbiology, J.N, Medical College, Aligarh); 
heparin (Gland Pharma, Ind ia ) ; fietal calf serum (GIBCO, U.S.A.); 
cyclophosphamide (Khandelwal Laboratories, Ind ia ) ; hydrocortisone 
(Allenburys, Ind ia ) ; BCG and PPD (BCG Vaccine Laboratory, Ind ia ) ; 
medium TC-199 (C.S.I.R. Centre for Biochemicals, I nd i a ) . 
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Various other reagents like sucrose, sodium potassium 
tartrate, copper sulfate, sodium tetraborate, potassium hydrogen 
pthalate, ethylene diamine tetra acetic acid, harbutric acid, 
sodium barbitone, acetic acid, sodium chloride, paraffin oil, 
toluene, sodium tungstate, sodium molybdate, orthophosphoric acid, 
hydrochloric acid, lithium sulfate and aluminium chloride were 
purchased from B.D.H. (India). The reagents purchased from 
S. Merck (India) were methanol, disodiura hydrogen phosphate, 
potassium dihydrogen phosphate, sodium dihydrogen phosphate, 
sodium carbonate, calcium lactate and ethanol. Sodium azide was 
purchased from Riedel-De-Haen AG, Germany. Non-heparinized 
hematocrit capillaries were obtained from Arthur H. Thomas 
Company, U.S.A. 
Throughout these studies, glass triple distilled water was 
used for the experiments. Aseptic conditions were maintained 
wherever necessary. 
Isolation of Haemoglobin 
Haemoglobin used in these studies was isolated from human 
blood obtained from the blood Bank, J.N. Medical College, Aligarh. 
The blood was centrifuged at 5+ C for 30 minutes at 1000 rpm. The 
supernatant was discarded and cells were washed once with normal 
saline solution and then 3 times with a mixture of 0.2 M sodium 
chloride and 2.5 x 10 -'M aluminium chloride in the ratio of 1:1 
(V/V). The compact cells obtained after final washings were sus-
pended in a mixture of water and toluene in the ratio of 1:^+ (V/V) 
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and the suspension stirred thoroughly. This was refrigerated 
overnight and then centrifuged at 50OO rpm for 20 minutes at 
h C. The clear lower layer containing haemoglobin was siphoned 
off, rejecting the upper supernatant containing toluene. 
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B. METHODS 
Animal Passage of P. berghel 
The rodent malaria parasite P. berghei was passaged in 
albino mouse. The animals were inoculated with approximately 
5 X 10-^  P. berghei parasitized mouse erythrocytes through intra-
peritoneal route. The size of the inoculum was 0.1 ml. The 
inoculated animals were observed for the presence of parasitized 
red cells in the blood smears made from the tail of inoculated 
animals. After the appearance of parasites in the blood smears, 
a daily parasitemic count was maintained. When parasitemia 
reached around 6^ ^ to 75^, the animals were bled and the blood 
collected in ACD. The infected blood was used for antigen isola-
tion and subsequent animal inoculation. 
Parasite Harvesting 
Parasites were harvested according to the published proce-
dure of Spira and Zuckerman (1962). Plasma, leukocytes and plate-
lets were removed by repeated washings of the infected blood with 
chilled normal saline. The washed erythrocytes were collected and 
sub;jected to saponin induced lysis for the release of parasites. 
The erythrocytes were incubated for 30 minutes with an equal volume 
of O.O25S saponin in normal saline with continuous stirring in an 
ice bath. The lysate was centrifuged at 1000 rpm for 10 minutes 
at U- C. The supernatant was discarded and the pellet was again 
washed 3-^ times with chilled normal saline for removing the 
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erythrocyte debris. After final wasMng, the pellet consisting 
of malaria parasites was suspended in chilled 0.25 ^ sucrose 
solution. 
Preparation of Water Soluble lAfhole Antigen 
The parasite suspension was subjected to ultrasonication 
for the disruption of parasites. The ultrasonication was per-
formed in 3 stretches for a total of 6 minutes in a ^0 watt, 
9 Kc magnetostriction oscillator. The suspension thus obtained 
was centrifuged at 10000 rpm for 20 minutes at ^- C. The super-
natant was collected and used as water soluble whole antigen. 
Staining of the Blood Smears 
The blood smears were stained with Leishman stain. Leishman 
stain solution was prepared by dipping 150 mg of Leishman stain 
powder wrapped in a small piece of cotton in 100 ml of methanol 
for 2^ hours at 37°C. The dried blood films were fixed in 
methanol for h minutes and the slides were later allowed to dry. 
For staining the smears, equal volumes of Leishman stain and 
0,01 M phosphate buffer, pH 7.2 were mixed and then layered on 
fixed, dried blood films. The slides were left for 30 minutes 
and then washed with 0.01 M phosphate buffer, pH 7.2. 
Protein Bstimation 
Protein estimations were done according to the method of 
Lowry jgt al. (1951) using bovine serum albumin as the standard. 
The intensity of the colour was measured at 700 nm using Bausch 
and Lomb Spectronic-21 spectrophotometer. 
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Folin-phenol reagent was prepared by the method of Polin 
and Ciocalteu (192?) • To a flat bottom flask of 2 litre capacity-
was added a mixture of 100 gms of sodium tungstate, 2^ gms of 
sodium molybdate, 50 ml of Q'^% orthophosphoric acid, 100 ml of 
concentrated hydrochloric acid and 700 ml of water. This flask 
was fitted with a water condenser and wrapped with a black paper. 
The mixture was refliixed for 10 hours. Then 15O gms of lithium 
sulfate, 50 nil water and 1 ml of liquid bromine were added to the 
mixture and the later were boiled for 30 minutes to remove excess 
bromine. After cooling, the bright yellow coloured reagent was 
diluted with water to 1 litrs volume, filtered and stored in 
amber coloured bottle. 
Copper reagent was prepared by mixing h% sodium carbonate, 
h% sodium potassium tartrate and 2^ copper sulphate in the ratio 
of 100:1:1 (V/7/V). 
The volume of protein sample was brought upto 1.0 ml by the 
addition of appropriate buffer. To the protein sample, 5 nil of 
the freshly prepared copper reagent was added. After incubating 
for 10 minutes at room temperature, 1 ml of the 1:^ (V/V) diluted 
Folin-phenol reagent was added. The colour intensity was measured 
at a wavelength of 7OO nm, after 30 minutes of incubation at room 
temperature. 
Measurement of pH 
All pH measurements were made on an Elico LI-10 pH meter. 
Sodium tetraborate (O.I M, pH 9.18) and potassium hydrogen 
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pthalate (0.0^ M, pH ^ .O) solutions were used as standard buffer 
solutions to calibrate the pH meter. 
Spectrophotometric Measurements 
Spectrophotometrie measurements in the ultra-violet and 
visible range were carried out on Bausch and Lomb Spectronic-21 
spectrophotometer. All these measurements were carried out at 
room temperature. 
Gel Filtration Chromatography 
Gel filtration chromatography was performed on Sephadex 
G-200 column. The packed column was equilibrated with O.15 M 
phosphate buffered saline, pH 7.2. Blue dextran-2000 was passed 
through the column to check the packing and to determine the void 
volume of the column. The buffer used for the. elution of various 
proteins from the column was O.15 M phosphate buffered saline, 
pH 7.2. Column was operated at 20 ml per hour flow rate with a 
fraction size of 3 ml. The proteins used for calibrating the 
column included human haemoglobin, monomeric bovine serum albumin, 
dimeric bovine serum albumin, ovalbumin and lysozyme. The elution 
of proteins from the column was monitored by measuring the trans-
mittance of the eluted fractions at 280 nm. 
Raising Antisera against Normal Mouse Erythrocyte Extract 
Blood was collected from normal healthy mice in ACD. 
Plasma, leukocytes and platelets were removed by repeated washings 
of the blood with chilled normal saline. A 10^ (V/V) suspension 
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of washed erythrocytes was treated with an equal volume of 0. 
saponin in normal saline with constant stirring in an ice bath. 
After 30 minutes, whole lysate was subjected to ultrasonication 
in 3 runs for a total of 6 minutes in a 50 watt, 9 Kc magneto-
striction oscillator. 
Guinea pigs were immunized against the erythrocyte extract. 
The adjuvant used for the immunization of guinea pigs against 
erythrocyte extract was FCA. Three intradermal injections of 
0.2 ml erythrocyte extract with 0.2 ml FCA were given at weekly 
intervals. Two weeks later a booster dose consisting of O.V ml 
erythrocyte extract with an equal volume of adjuvant was given. 
Ten days after the final dose, the animals were bled to separate 
the serum. 
Immunization of Mice with P. berahei Antigen 
(a) Determination of Optimal Antigen Dose for Immunizations: 
Twenty four male, healthy mice were divided into four groups, each 
consisting of 6 animals. These animals were immunized with vary-
ing amounts of antigen in combination with glucan at a dose of 
1+0 mg per kg body weight (Gillet et al., 1978). The immunization 
was done in such a manner that each animal in group I, II, III and 
IV received P. berghei antigen containing 2^ iig antigen protein, 
50 JUg antigen protein, 75 h.g antigen protein and 100 Jig antigen 
protein, respectively, in two split doses at an interval of 
10 days. All injections were given through intradermal route. 
The immunization schedule is shown in Table I. The immunized 
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animals were tested for the elicitation of humoral as well as 
cell mediated immune responses. 
(b) Determination of Proper Route of Immunization: Male healthy-
mice were divided into two groups, each consisting of 6 animals. 
Group I and II were immunized with P. berghei antigen containing 
75 JUg antigen protein in two split doses at an interval of 10 days. 
The antigen was given in combination with glucan at a dose of 
^0 mg per kg body weight through intradermal/intravenous routes. 
(c) Immunization of Experimental Micet Male healthy mice were 
divided into 6 groups, each consisting of 10 animals. These were 
immunized with P. berghei antigen in combination with or without 
an adjuvant. The adjuvants, used in this study were glucan and 
FCA. Three control groups were also included in the study, viz. 
glucan; FCA and saline controls. The schedule of immunization is 
shown in Table II. All inoculations were done through intradermal 
route. 
Detection and Estimation of Humoral Immune Responses 
For the detection and estimation of humoral immune responses 
many methods were used. Antibodies were detected by means of 
immunodiffusion, counter immunoelectrophoresis (CIS) and indirect 
hemagglutination tests. 
(a) Immunodiffusion: This test was performed according to the 
published procedure of Ouchterlony (19^9)» Agarose was dissolved 
in 0.05 M veronal buffer, pH 8.6 containing 0.02^ sodium azide. 
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The concentration of agarose was 0.^. The melted agarose was 
poured on glass slides to form approximately 1.^ mm thick layer 
of uniform thickness. The slides were left for the gel to 
solidify. The wells were punched in the solidified gel. 
The central and peripheral wells were filled with anti-
serum and antigen at appropriate dilutions. The test slides were 
kept for h hours at room temperature in a moist chamber and subse-
quently at ^- C for 72 hours. All the precipitin bands were visible 
within 72 hours of inoculation. The photographs of the slides 
were taken either before staining, or after staining them with 
coomassie brilliant blue/amidoschwartz. 
(b) Counterimmunoelectrophoresis: This test was performed accor-
ing to the method of Bjerrum andB^^gHansen (1976). The method of 
slide preparation for CIJ3 was the same as for immunodiffusion. On 
agarose coated slides, a set of wells was cut with a 2 mm punch. 
The centre to centre distance between the wells was 5 mm. 
The cathodal wells were filled with the antigen, while 
anodal wells were loaded with antiserum. Electrophoresis was 
performed for about VO-50 minutes. The slides were then incubated 
overnight at H- C in a moist chamber. Photographs were taken 
either before or after staining with coomassie brilliant blue or 
amidoschwarts. 
(c) Indirect Hemagglutination test: The indirect hemagglutination 
(XHA) test was performed according to the method of Mathews et al. 
(197?) with few modifications. 
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Human '0' erythrocytes (ORBC) were washed k- times with 
isotonic phosphate buffered saline, pH 7«2. After final washing, 
a 3% (V/V) suspension of ORBC was prepared in the isotonic phos-
phate buffered saline, pH 7.2. This suspension was mixed with an 
equal volume of 1/20,000 tannic acid and incubated at V G for 
30 minutes with intermittant shaking. Tanned ORBC were collected 
by centrifugation and washed 3 times with phosphate buffered 
saline, pH 7.2, containing 0.^% bovine serum albumin. After final 
washing, tanned ORBC were suspended in phosphate buffered saline 
(pH 7•2) containing 0.^^ bovine serum albumin to achieve a final 
concentration of 2,% (V/Y). A 3^ suspension of tanned ORBC was 
mixed with an equal volume of antigen at an appropriate dilution 
and was incubated at 37 0 for 3^ minutes with intermittant shaking 
for antigen coating. The antigen coated ORBC were collected by 
centrifugation and then washed 3-14- times with phosphate buffered 
saline, pH 7.2, containing 0.5^ bovine serum albumin. Finally a 
1.5^ (V/V) suspension of antigen coated ORBC was prepared for 
using it in the tests. 
To each well of the 'U' bottomed microtiter plate, 0.02^ ml 
of a serially diluted antiserum was added alongwith an equal 
volume of antigen coated ORBC suspension. The plates were sealed 
with transparent gummed tape and gently shaken for 5 minutes at 
room temperature. The plates were incubated at room temperature 
in humid chambers for 1 hour and then kept overnight at U-°C. The 
highest dilution of the test serum giving a positive carpet-like 
pattern was recorded as the titration end point. 
- 39 -
Staining of the Agarose Slides 
The developed slides were washed with normal saline for 
2h hours with 3-^ + changes of fresh normal saline. These were 
then washed with distilled water for 12 hours. If necessary, the 
slides were also washed with hypertonic i^fo) saline to remove non-
precipitated proteins. After washing, the slides were covered 
with wet filter paper strips and left in a slanting position for 
drying. Filter paper strips were removed from the dried slides. 
The dried slides were immersed in 0.^^ (W/V) coomassie brilliant 
hlue for 90 minutes, or in 0.'^% (W/V) amidoschwartz for 15 minutes. 
The solvent for coomassie brilliant blue was prepared by mixing 
acetic acid, water and ethanol in the ratio of 1:U-:V (V/V/V), 
while amidoschwartz was dissolved in a mixture of acetic acid, 
water and methanol in the ratio of 1:^-:l+ (Y/V/V). The slides were 
taken out of the dye, and the excess dye washed off. 
Detection of Cell Mediated Immune Responses 
For the detection and estimation of cell mediated immune 
responses delayed skin hypersensitivity reactions, macrophage 
migration inhibition, and macrophage spreading inhibition tests 
were used. The histology of the skin reaction site was also 
studied. 
(a) Delayed skin Hypersensitivity Test: Delayed skin hypersensi-
tivity tests were used to detect the cell mediated immune responses 
in preimmunized and postimmunized experimental mice. Animals to 
be tested were skin challenged with 10 Xig antigen protein in 
- IfO -
0.05 ml voliime. Control animals received an equal volume of 
saline. All injections were given through intradermal route. 
Skin reactions were observed immediately after administering the 
sensitizing dose and subsequently at 15", 30 and 60 minutes. 
Later, the reactions were read at 3, 6, 9, 12, 18, 2^, ^ 8 and 
72 hours. The diameter of erythema at 2U- hours was measured and 
recorded. 
(b) Histological Study of the Skin Beaction Site: A few animals 
were sacrificed and the skin tissue from the reaction site was 
excised. The excised skin was immediately fixed in 10^ formalin-
saline, and later processed for histological studies. Skin sec-
tions were stained with iron hemotoxylin and eosin, and later 
examined under the microscope. 
(c) Macrophage Migration Inhibition Test: The cell mediated 
immune responses were also detected by using migration inhibition 
tests. Capillary migration inhibition test was performed accord-
ing to the published procedure of Bloom and Bennett (1971). 
The mice to be such tested were injected with 3 ml of 
sterile paraffin oil intraperitoneally. Three days later, ^  ml 
of Hank's balanced salt solution containing ^ units of heparin per 
ml was injected in the peritoneal cavity of each mice. The peri-
toneal washings were collected by making a slit in the peritoneal 
cavity. The paraffin layer was discarded and the peritoneal 
exudate washed three times in HBSS. After final washing, peri-
toneal exudate cells (PEC) were suspended in the mediiim TC-199 
- If1 -
containing % (V/V) fi,etal calf serum to a f i na l concentration of 
n 
\ X 10*^  c e l l s per ml. Capi l la r ies of uniform diameter and length 
were f i l l e d with the ce l l suspension. One end of each capillary-
was sealed with p l a s t i c i n e . These were centrifuged at 1000 rpm 
for 5 minutes and then cut at the ce l l - f l u id in te r face . The por-
t ions of cap i l l a r i e s containing ce l l s were fixed in the migration 
chambers with s i l i con . These chambers were then f i l l e d with 
medium TC-199 enriched with ^% f ae ta l calf serum and containing 
antigen at a concentration of 3 Aig per ml. Few control chambers 
were f i l l e d with the medium having no antigen. The chambers were 
covered with the covers l ips , taking care tha t no a i r bubble was 
entrapped ins ide . The assembled chambers were incubated at 37 C 
in humid chambers for 20 hours. The area of migration was recorded 
with the help of a camera lucida. Percent migration was calculated 
as follows: 
Area of migration in the presence 
of antigen 
Percent Migration = X 100 
Area of migration in the absence 
of antigen 
(d) Macrophage Spreading Inhibi t ion Test: This t e s t was performed 
according to the published procedure of Fauve and Dekaris (1968). 
The per i tonea l exudate ce l l s were prepared according to the method 
described for carrying out macrophage migration inh ib i t ion t e s t s . 
After f ina l washing, PEC were suspended in medium TC-199 contain-
ing 2^ bovine serum albumin and ^ uni t s of heparin per ml a t a 
n 
concentration of ^ x IC^ ce l l per ml. An 0.14-5 ml al iquot of the 
- If2 -
cell suspension was mixed with 0,0^ ml of the medium containing 
3 Itg per ml antigen in a polyethylene tube. In the controls no 
antigen was added. Both the tubes were incubated at 37 C for 
30 minutes. After incubation, the tubes were again shaken and 
the samples loaded in hemocytometers. The hemocytometers were 
again incubated at 37 C for 30 minutes in a moist chamber. The 
cells were then examined in a phase contrast microscope. 
The macrophage spreading index, M.S.I, was calculated 
according to the following relation: 
Average percent of spread cells in the 
presence of antigen 
M.S.I . = 100 X 
Average percent of spread ce l l s in the 
absence of antigen 
Immunoprotective Studies 
Immunized animals alongwith a l l the control animals were 
challenged with l e t h a l doses of l ive P. berghei p a r a s i t e s . The 
inoculum used for challenging each mouse contained 5 mill ion 
pa ra s i t i z ed mouse erythrocytes in 0.2 ml volumes. The route for 
a l l such inoculat ions was in t raper i tonea l . Blood smears were 
prepared from a l l the animals upto 25th day during post-challenge 
period and observed for the appearance of malaria p a r a s i t e s . The 
survival time for each mouse was also recorded. About 0.1 ml 
blood was taken from each survived mouse and inoculated in a fresh 
mouse to check any subpatent infect ion. 
- if3 -
Sup-press ion of Immune Responses 
Three immunosuppressors namely - cyclophosphamide, azathio-
prine and hydrocortisone were used for the suppression of immune 
responses in mice. 
(a) Suppression of Immune Response with Cyclophosphamide: For the 
suppression of humoral imaune responses cyclophosphamide was given 
at a dose of 3^0 mg per kg body weight through intraperitoneal 
route. The injections were given three days before the actual 
immunization were bagun. 
(b) Suppression of Immune Responses with Azathioprine: The agent 
used for suppressing cell mediated immune response was azathio-
prine. Azathioprine was given to each mouse at a dose of 3 nig per 
kg body weight daily (Putnam ei al., 1975)* The drug administra-
tion and immunization were started simultaneously and continued 
for 10 days. 
(c) Suppression of Immune Responses with Hydrocortisone: Hydro-
cortisone (sodium succinate salt) at a dose of 10 mg per kg body 
weight was injected through intravenous route. The drug adminis-
tration was started one day before the immunization and continued 
for 11 days with daily injections. 
The schedule for the immunization of immunosuppressed mice 
against P. berghei antigen was the same as that for immunization 
of normal mice. 
Testing the Imm-unocompetence of Mice 
Prior to the administration of immunosuppressors all expe-
rimental animals were tested for their immunocompetence. Two 
groups of mice were immunized against BCG and bovine serum albu-
min. Each animal was given 0.0^ ml BCG through intradermal route. 
Bovine serum albumin was similarly administered in combination 
with FGA. The immunization schedule for bovine serum albumin is 
shown in Table III. The animals were bled 10 days after the last 
immunizing dose. The serum was collected from the immunized 
animals. The humoral immune responses elicited against BSA were 
assessed by indirect hemagglutination tests. 
The cell mediated immune responses against BCG were detec-
ted 10 days after the immunizing dose, using delayed type skin 
reactions and macrophage spreading inhibition tests in the presence 
of PPD. 
Similarly, the immune competence or lack of it, in the 
immunocompromised mice was also tested. The immunocompetence of 
these animals with respect to homologous antigen system (P. berehei 
antigen) was also similarly tested. 
Immunoprotective Studies in Various Groups of Immunosuppressed Mice 
Each immunosuppressed animal was challenged with ^ million 
P. berghei parasitized mouse erythrocytes through intraperitoneal 
route, following immunizations against P. berghei antigen in 
combination with glucan. The volume for each inoculum was 0.2 ml. 
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Immunosuppressed but unimmunized controls were also included in 
the study. These animals were observed for the course of parasi-
temia, body weight and the survival rate upto 25th day in the 
post challenge period. The spleen and liver from these mice were 
collected and their wet weights recorded. The spleen and liver 
tissues were also used for examining the accumulation of malaria 
pigment. These tissues were kept in normal saline solution and 
finely teased to obtain a cell suspension. These suspensions 
were used for preparing slide^smears. The smears were stained 
with Leishman stain and examined under the microscope. 
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RESULTS 
In vivo Maintenance of P. "berehel 
E» berghel organisms were obtained from infected red blood 
cells using mouse as the animal model. The parasites appeared in 
the peripheral blood of mice on day h following intraperitoneal 
inoculation of ^ x 10^ parasitized mouse erythrocytes. The para-
sitemia usually reached to a maximum count of about 6^% - 7^% on 
day 11. Figure 1 shows a typical P. berghei infection curve in 
Hissar strain of albino mice. 
£• berghei infections usually gave rise to lOC^ mortality 
in mice. The animals were found dying of infection around post-
inoculation day 8, Almost all the animals were dead on post 
inoculation day 12. The mortality curve of P. berghei infected 
mice is shown in figure 2. 
Harvesting Malaria Parasites 
About 85$^  leukocytes were removed by washing the infected 
blood with chilled normal saline. Saponin was used to lyse the 
erythrocytes. Microscopic examination of the released parasites 
after removal of erythrocyte debris, showed that the harvested 
parasites were considerably free from remnants of the host cell. 
Figure 3 shows the photomicrograph of free parasites. 
Pre-paration of Water Soluble Antigen 
The ultrasonication of the parasite suspension in 0.25 '^^ 
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Figure 1: Infection curve of P. berghei in albino mice. 
Each mouse x^ as inoculated intraperitoneally with 
5 X 10-^  parasitized mouse erythrocytes on day 0. 
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Figure 2: Mortality curve of P. berghei infected mice. 
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Figure 3* Photomicrograph of saponin freed P. "berghei organisms. 
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sucrose solution resulted in almost complete disruption of para-
sites. The soluble antigen, obtained after centrifugation of the 
sonicated parasites contained 1+.8 mg per ml protein. 
Purity of the Antigen Preparation 
Antibody titers of normal mouse erythrocyte antiserum 
were first determined by IHA tests. The antiserum was employed 
for checking the purity of the parasite antigen. These anti-
bodies were also estimated by means of immunodiffusion and CIE. 
The antibody titer of the antiserum against normal mouse erythro-
cytes was found as 1:1280. 
The purity of the parasite antigen preparation was checked 
by immunodiffusion and CIE tests. Antigen preparation was allowed 
to react with anti-normal mouse erythrocyte serum on immunodiffu-
sion plates. No precipitin band was detectable up until 7th day. 
Anti-RBC serum was found fairly reactive against normal mouse 
erythrocyte extract, as atleast 3-5 bands usually appeared in 
such a reaction. Figure h shows an immunodiffusion plate with 
normal mouse RBC extract and parasite antigen reacting with anti-
mouse erythrocyte serum. The antiserum against P. berghei antigen 
preparation did not show any band against normal mouse erythrocyte 
extract (Figure 5)« CIE results were also more or less similar. 
No precipitin bands were formed between P. Ijerghei antigen and 
anti-normal mouse erythrocyte serum (Figure 6). Similarly normal 
mouse erythrocyte extract did not react with anti- P. berghei 
serum (Figure ?)• 
- ^2 -
NME 
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L NME Pb 
Figure hi Immunodiffusion p la te showing p rec ip i t i n bands between 
ant i -erythrocyte serum and normal mouse ei*ythrocyte 
ex t rac t and P. berghei antigen. 
The reaction was performed in O.Qfo agarose gel in 
0.05 M veronal buffer, pH 8.6. 
ANMS : Anti-mouse erythrocyte serum raised in 
guinea p igs . 
i 
Pb • £• berghei antigen. 
NME : Mormal mouse erythrocyte extract. 
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Figure 5* 
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-J 
Iniiirunodiffusion plate showing precipitin bands between 
P. berghei antigen and its antiser-um alongwith normal 
mouse erythrocyte extract. 
The reaction was performed in 0.^ agarose gel in 
0.05 M veronal buffer, pH. 8.6. 
APb : Anti- P. berghei serum raised in mice. 
Pb I £• berghei antigen. 
IMS : Normal mouse erythrocyte extract. 
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Figure 6: CIS p la te shovring react ion betv/een P. berghei antigen 
I and anti-normal mouse erythrocyte serum. 
] ] The electrophoresis was performed in O.Sfo agarose gel 
in 0.05 M veronal buffer, pH 3.6, The current was 
7 mAmp/slide. 
Pb • £• berghei antigen. 
AI^ IE : Anti-mouse erythrocyte serijira raised in 
guinea p igs . 
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Figure 7 ' CIS p la te shovring react ion betv/een normal mouse 
erythrocyte extract .and an t i - P. berghei. serum. 
f 
I The electrophoresis was performed in 0.8^ agarose gel 
in 0.05 M veronal buffer, pH 3.6. The current was 
7 raAmp/slide. 
WiE, : Normal mouse erythrocyte ex t rac t . 
APb •• Anti- P. berd ie i serum raised in mice. 
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Gel filtration Ghromatographv of the Antigen 
Gel filtration chromatography allowed the antigen to 
resolve into three proteinous components having different mole-
cular weights. Antigen elution profile on Sephadex G-200 column 
is shown in figure 8. The elution profile of other proteins 
which were used to calibrate the column are shown in figure 9-
The gel filtration data for standard proteins are listed in 
Tables IV and V. 
The data obtained for gel filtration studies were further 
analysed to determine some hydrodynamic parameters of the antigen 
components. According to Porath (1963), the distribution coeffi-
cient K, of a protein molecule can be related to its Stoke's 
radius by the equation -
K, = U (1 - r/r, )^ d 1 
But for rigid spherical molecules of similar density, the Stoke's 
-1/0 1/0 
radius r is directly proportional to M -'. Thus, when IL. -* was 
plotted against M •-'j a linear relationship was observed which is 
shown in figure 10. 
The relationship between K (availability coefficient) and 
r (Stoke's radius) as obtained by Laurent and Killander (196^ +) was 
used to determine the Stoke's radii of the antigen components. 
The plot of (-log K ) versus Stoke's radii (r) was a straight 
av ° 
l i n e (Figure 11). 
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Figure 8: Chromatographic profile of P. "berghei antigen on 
Sephadex G-200 column. 
P. berghel antigen ihO mg in 5 ml of isotonic 
phosphate buffered saline, pH 7*2) was applied to 
a column (2.15 x 65 cm) of Sephadex G-200, equilibrated 
with isotonic phosphate buffered saline, pH 7«2. 
Protein was eluted v/ith the same buffer in 2 ml 
fractions at a flow rate of 20 ml/hr. 
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Figure 95 Chromatographic prof i les of standard prote ins on 
Sephadex G-200 column. 
Standard prote ins (10 mg in 2 ml of i so tonic phosphate 
buffered sa l ine , pH 7.2) were applied to a column 
(2.15 cm X 65 cm) of Sephadex G-200, equi l ibra ted with 
i so tonic phosphate buffered sa l ine , pH 7.2, ind iv i -
dually. Protein was eluted with the same buffer in 
2 ml fract ions at a flow ra t e of 20 ml/hr. 
A : lysozyme; B : ovalbumin; C : hemoglobin; 
D : bovine serum albumin (monomer); and E : bovine 
serum albumin (dimer). 
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Figure 10: Calibrat ion cur-ve for the estimation of molecular 
weight by gel f i l t r a t i o n chromatography according 
to the method of Porath (1963). 
Points I , I I and I I I correspond to three f rac t ions 
of P. berghei antigen. 
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Figure 11: Calibrat ion curve for the estimation of Stoke 's 
r a d i i by gel f i l t r a t i o n chromatography according 
to the method of Laurent and Killander (l96lf). 
Points I , I I and I I I correspond to three f ract ions 
of £• berghei antigen. 
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The gel filtration data were further analysed according 
to the method of Ackers (1967). As shown in figure 12, a straight 
-1 
l i n e p lo t between Stoke's r a d i i and erfc K. was obtained. 
The elution volume of the protein on Sephadex G-200 column 
was found to be dependent on the i r molecular weights. The p lo t 
of V /V versus log M for the marker proteins used in the experi-
ment was a s t r a igh t l i n e , as shown in f igure 13* 
The methods described above were used to determine the 
molecular weights and Stoke's r a d i i of the three antigen compo-
nen t s . These parameters are l i s t e d in Table VI. Using the values 
of molecular weights and Stoke's r a d i i , the values of diffusion 
coeff ic ien t and f r i c t i o n a l r a t i o for the three antigen fract ions 
were calculated v/ith the help of following re la t ions -
D = KT / 6nf|^r 
and f/f„ = r / (3 V iV f^ n N)''/^ 
o 
where D is the diffusion coefficient, K is Boltzman constant 
(1.U-86 X 10" ergs degree" ), ir|^  is the viscosity of the solvent 
(0.01 poise), T is the absolute temperature, f/fg is frictional 
ratio, V is partial specific volume of the protein, M is molecular 
weight of the protein, and N is Avagadro's number. The value of 
partial specific volume of bovine serum albumin (O.72 ml per gm) 
was used. The values of all these parameters are listed in 
Table VII. 
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15 2D 2.5 3.0 3.5 
Stokes'Radii, nm 
Figure 12: Calibration curve for the estimation of Stoke's 
radii by gel filtration chromatography according 
to the method of Ackers (1967). 
Points I, II and III correspond to three fractions 
of P. berghei antigen. 
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Figure 13: Calibrat ion curve for the estimation of molecular 
weight by gel f i l t r a t i o n chromatography according 
to the method of Andrews (1970). 
Points I , I I and I I I correspond to three f ract ions 
of P. berghel antigen. 
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Q-ptimal Antigen Dose and Route of Inoculation for Immunization 
of Mice 
The optimal antigen dose was determined as 75 Mg to be 
given In two split doses at an interval of 10 days. First injec-
tion contained 2^ jUg antigen protein, while second contained 
50 jUg antigen protein. The antigen was inoculated in combination 
with yeast glucan at the rate of hO mg per kg body weight. The 
best route for immunization was found to be intradermal. These 
results are shown in Table VIII. 
Study of Humoral Immune Responses 
The appearance and assessment of humoral immune response 
against P. berghei was performed by using various techniques such 
as imm-imodiffusion, Gil and IHA tests. 
Homologous immune serum raised in mice gave two clear and 
one diffused precipitin bands when allowed to react with 
£• berehei antigen. The pattern of bands is shown in figure 5* 
Usually a single band was obtained when the above antiserum was 
allowed to react with each antigen fraction. These results are 
shown in figure l^f. 
The bands obtained in CIE runs with P. berghei antigen 
versus immune serum are shown in figure 15. At least three pre-
cipitin bands were visible in such CIS runs. But, only one band 
was obtainable against individual antigen fractions. Figure I6 
shows some of these bands from several CIE runs. 
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1 
APb 
III « F|| ' J 
Figure 1^: P la te shovring immunodiffusion bands between a n t i -
£• ]?erghei serum and antigen f ract ions separated on 
Sephadex G-200 column. 
The react ion v/as performed in 0.8% agarose gel in 
0.0^ M veronal buffer, pH 8.6. 
APb : Anti- P. berghei serum raised in mice. 
F j , F-J--J. & F-j-y-rt P. berghei antigen f rac t ions 
separated on Sephadex G-200 column. 
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Figure 1^ : CIS plate showing reaction between P. berghei 
antigen and the homologous antiserum. 
The electrophoresis was performed in O.^o agarose 
gel in 0.05 M veronal buffer, pH 3.6. The current 
was 7 raAmp/slide. 
Pb i P. berghei antigen. 
APb : Anti- P. berghei serum raised in mice. 
I 
Figure 16: CIE plates showing immime reaction betv/een anti-
P. berghei serum and fractions separated on 
Sephadex G-200 column. 
The electrophoresis was performed in O.Qf" agarose 
gel in 0.05 M veronal buffer, pH 8.6. 
APb Anti- P. berghei serum raised in mice. 
F I» ^11 & F I I I • P . berghei antigen f rac t ions 
separated on Sephadex G-200 column. 
- Ik. -
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Antibody t i t e r s in the iimriune serum were determined by 
means of IHA t e s t s . The antibody t i t e r s of the immunized serum 
samples on post- inoculat ion day 1^ as determined from various 
animal groups are l i s t e d in Table IX. Antibody t i t e r s in the 
sera pooled from the animals immunized against antigen-glucan 
was 1:102V and tha t of antigen-5'CA immunized animals was 1:512. 
Serum antibody leve l of the animals immunized with antigen alone 
was 1:61+- only. Antigen speeif ic antibodies in the serum of adju-
vant controls and normal animals could not be detected. 
Cel l Mediated Immune Responses Against P. berghei 
The methods used to assess and detect the ce l l mediated 
immune responses against P. berghei antigen included both in vivo 
as well as in v i t r o t e s t s . The appearance of delayed type skin 
hypersens i t iv i ty react ions was one of the t e s t s used. The skin 
a t the react ion s i t e was examined h i s to log ica l ly . The in v i t r o 
techniques included macrophage migration inh ib i t ion and macrophage 
spreading inh ib i t ion t e s t s . 
The erythema and induration as measured 2\- hours a f te r 
intradermal inoculat ion of antigen was used to determine the 
extent of skin reac t ion . Posi t ive delayed skin hypersens i t iv i ty 
reac t ions reached a maximum at 2lf-5+8 hours. The diameters of the 
skin reac t ions in various animals measured 2h hours af ter the 
antigen inoculat ions are given in Table X. The diameters of the 
skin react ion in the mice immunized against P. laerghel antigen-
yeast glucan combination were maximum (11 mm ± 1.7 ram). Figure 17 
- 76 -
Table IX: A n t i - m a l a r i a l Antibody T i t e r s in the Serum of 
Immunized and Unimmunized Mice. 
Group of animals IHA t i t e r 
Ant igen 1 : 61+ 
Antigen + FCA 1 : ^12 
Antigen + glucan 1 : 102lf 
Glucan 
FCA 
Normal 
- 11 
i 
Figure 17^ Delayed skin hypersensi t iv i ty react ion in a sensitized 
albino mouse using P. berghei antigen. 
> ' • • - , 
t 
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'ifure 18: Skin reaction site in the control mouse showing no 
reaction. 
- 79 -
and 18 show skin reaction sites of sensitized and control mice, 
respectively. Adjuvant control and antigen alone immunized 
animals did not develop erythema and induration following antigen 
inoculation. Antigen-FCA immunized mice developed a very weak 
delayed skin reaction. All the reactions having a diameter of 
more than 3 ™i were taken as positive. 
Histological examination of the positive skin reaction 
site showed perivascular cuffing and diffuse infiltration of the 
intracellular spaces by mononuclear cells, especially the lympho-
cytes and macrophages. Few polymorphonuclear leukocytes were 
also observed. The photomicrograph of a skin section from a 
positive reaction site is shown in figure 19. Sections from the 
site of a negative skin reaction did not show any cell infiltra-
tion (Figure 20). 
The migration of peritoneal exudate cells obtained from 
antigen-glucan immunized animals was found greatly inhibited in 
the presence of specific antigen. There was no such migration 
inhibition of cells from unimmunized and adjuvant control animals. 
The cells migrated out of capillary in a usual fan like pattern. 
The results of macrophage migration inhibition tests are given 
in Table X. The highest migration inhibition of cells was obtained 
from antigen-glucan immunized mice. The value recorded being 
hS.'kfo, In contrast, there was no significant migration inhibition 
of cells obtained from adjuvant controls or antigen-FCA, or 
antigen alone immunized animals. 
- 80 
Figure 19: Skin section showing cell infiltration in a positive 
delayed type hypersensitivity reaction (X 1000). 
- 81 -
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Figure 20: Skin section from a control animal (X 1000). 
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Similarly, the spreading of macrophages from antigen-
glucan immunized animals was foimd greatly inhibited in the pre-
sence of specific antigen. On the contrary, the spreading of 
macrophages from all other groups including antigen-FCA, antigen 
alone, adjuvant alone immunized and unimmunized animals was not 
inhibited. These results are shown in Table X, 
Protection Studies 
Various criteria were used to assess the degree of protec-
tion obtained against P. berghei infections following immunizations 
with specific antigen in combination with various adjuvants. These 
parameters included-
(1) Length of prepatent period 
(2) Percentage of animals which became patent following challenge 
C3) Magnitude of peak parasitemia 
(.h) Survival rate during post-challenge period 
(5) Spleen weight/body weight ratio 
(6) Liver weight/body weight ratio 
(7) Accumulation of malaria pigment in the liver and spleen tissues 
The course of P. berghei infection in various experimental 
and control groups is shown in figures 21 to 26. The immunization 
of mice with antigen-gluean combination increased the length of 
prepatent period to 5-6 days. But prepatent period remained 
unaltered in other groups which received either antigen alone or 
in combination with FCA. Similarly, it was not altered in other 
- 8if -
80 
e 
% 601-
2. 
c AO 
o 
a. 
SI 20 
(« 
i . 
0-
A 8 12 16 
Days after inoculation 
Figure 21: Course of P. berghel infection in mice previously 
immunized v/ith antigen alone. 
Sach mouse was inoculated intraperitoneally with 
5 X 10 parasitized mouse erythrocytes on day 0. 
- 85 -
4 8 12 16 
Days after inoculation 
25 
Figure 22: Course of P. berghei infect ion in mice immunized 
with antigen using glucan as an adjuvant. 
Each mouse was inoculated in t raper i tonea l ly with 
6 
5 X 10 parasitized mouse erythrocytes on day 0. 
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60 
4-* 
'^ 60 
a 
S 40 
o c 
& 2 0 
0-
4 8 12 16 
Days after inocuLation 
Figure 23: Course of P. bershei infect ion in mice imrmnized 
with antigen-FGA comtiination. 
Each mouse was inoculated in t raper i tonea l ly with 
5 X 10 paras i t i zed mouse erythrocytes on day 0. 
- 87 -
0 5 10 
Days after inoculation 
Figure 2U-: Co-urse of P. berghel infection in mice previously 
treated v;itb glucan. 
Each mouse was inoculated intraperitoneally with 
5 X 10 parasitized erythrocytes on day 0. 
- 88 -
0 4 8 12 
Days after inoculation 
Figure 25: Course of P. berghei infection in mice previously 
treated with FGA. 
Sach mouse v/as inoculated intraperitoneally with 
6 
5 X 10 parasitized mouse erythrocytes on day 0. 
- 89 -
0 ^ a 12 
Days after inoculation 
Figure 26: Course of P. l?erghgi infection in mice previously 
treated with normal saline. 
Each mouse was inoculated intraperitoneally with 
5 X 10 parasitized mouse erythrocytes on day 0. 
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adjuvant controls. The results are shown in Table XI. All the 
animals in experimental and control groups except those immunized 
with antigen-glucan showed patent infections following challenge 
with live parasites (Table XI a). 
Peak parasitemia was found greatly decreased to 1.1^ only 
in the group immunized •^fith antigen and glucan. The decrease in 
parasitimic levels was also significant in the groups immunized 
with antigen-FCA combination, or antigen alone (Figures 21 to 26). 
But there was no change in the peak parasitemia in other adjuvant 
control groups. The magnitude of peak parasitemia is shown in 
Table XI a. 
Animals immunized with antigen-gluean combination were able 
to survive the challenge with lethal doses of live P. bershei 
parasites in the post-immuniza,tion period. The survival rate in 
these animals was close to 10C^, This was followed by survival 
of animals immunized with antigen-FCA combination and antigen 
alone. The adjuvant controls did not show any resistance against 
similar challenges. The mortality curves of all the experimental 
as well as control groups are shown in figure 2"]. 
The values of spleen weight/body weight ratio and liver 
weight/body weight ratio were found to be higher in all the groups 
except in antigen-glucan immunized group. The increase in these 
ratios was not so high in antigen-FCA immunized animals. These 
results are shown in Table XI b. 
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Figure 2?: Mortality curves of mice in various immunization 
groups. 
I; glucan; II: glucan + P. berghei antigen; 
III: £• berahei antigen; IV: saline control; 
?: ?GA + P. berghei antigen; and VI: FGA. 
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The malaria pigment accumulation in l i v e r and spleen 
following challenge, was examined in a l l the experimental groups. 
There was almost no pigment acciimulation in the tv/o organs in 
antigen-glucan immunized mice. The resu l t s are l i s t e d in 
Table XI b . The microphotographs showing pigment accumulation 
in l i v e r and spleen of immunized and unimmunized mice are shown 
in figures 28, 29, 30 and 31. 
Cell mediated and humoral immune responses against 
£• berghei antigen during post challenge period were also assessed. 
These r e su l t s are presented in Table XII . Anti-malar ial a n t i -
bodies were detectable in a l l the groups although the i r t i t e r s 
v/ere very low, except in antigen-glucan and antigen-FCA immunized 
mice. Antibody t i t e r s in these two groups were 1:1C2V and 1:61+0, 
r espec t ive ly . Cell mediated immune responses were detected only 
in antigen-glucan immunized mice. Animals in tha t group developed 
well defined delayed skin react ions following skin challenge with 
antigen. Spreading of macrophages obtained from such animals was 
highly inhib i ted in the presence of antigen. 
Suppression of Immune Responses 
F i r s t l y , the immunocompetence of each group of experimental 
mice was tes ted by evaluating the i r immune responsiveness to 
vai'ious t e s t antigens. The antigens inoculated were P. berehei 
ant igen, bovine serum albumin and BCG. 
The development of c e l l mediated immune responses was 
Will I i r 
v« 
I 
Figure 28; Photomicrograph of a l i ve r smear from an immunized 
mouse shov/ing no accumulation of malaria pigment 
(X 1000). 
- 96 -
Figure 29: Photomicrograph of a liver smear from unimmunized 
mouse showing accumulation of malaria pigment 
(X 1000). 
_ 97 -
Figure 30* Photomicrograph of a spleen smear from an immunized 
mouse shovjing no accumulation of malaria pigment 
(X 1000). ; 1 
1 
: 
t 
1 
i 
i 
I 
i 1 
- 98 -
Figure 31*. Photomicrograph of spleen smear from an •unimmunized 
i * mouse showing accumulation of pigment alongwith 
! ' pa ras i tes (X 1000). 
- 99 -
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assessed by delayed skin hypersensitivity reactions and macro-
phage spreading inhibition tests, while humoral immune responses 
were measured by means of IHA tests. All tested mice were found 
to be fully immunocompetent. Untreated animals which were pre-
viously immunized against bovine serum albumin, developed anti-
bovine serum albumin antibody titer of 1:1280. Cell mediated 
immune responses were also detectable in normal and BOG immunized 
mice. These animals developed well defined delayed skin reactions 
following skin challenge with PPD. Spreading of macrophages 
obtained from such animals was also highly inhibited in the 
presence of PPD. Similarly, these animals elicited a well defined 
humoral and cell mediated immune response against P. berghei anti-
gen following their immunization with antigen. These results are 
shown in Tables XIII and XIV. 
The treatment of mice with azathioprine and hydrocortisone 
greatly suppressed their ability to elicit cell mediated immune 
responses against all the inoculated antigens. Cyclophosphamide 
treatment did not suppress the ability of mice to elicit cell 
mediated immune responses. Azathioprine treated and hydrocortisone 
treated and appropriately immunized animals did not develop any 
delayed type skin reactions following skin challenge with PH) or 
antigen. Spreading of macrophages obtained from such animals was 
not inhibited in the presence of specific antigen. In contrast, 
cyclophosphamide treated and appropriately immunized mice developed 
delayed skin reactions following skin challenge with appropriate 
- 101 -
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antigen. The spreading of their macrophages was also inhibited 
in the presence of specific antigen. The results are tabulated 
in Tables XIII and XIV. 
The ability of all the experimental mice to elicit humoral 
immune responses was greatly suppressed by treatment with cyclo-
phosphamide and hydrocortisone, while the effect of azathioprine 
on the antibody response was not so marked. Cyclophosphamide 
treated and hydrocortisone treated mice developed a very weak 
antibody titer against both the test antigens. On the contrary, 
azathioprine treated mice elicited high antibody titers against 
both the antigens. Anti-bovine serum albumin and anti-P. berghei 
antibody titers were recorded as 1:102^ - and 1:512, respectively. 
These results are listed in Tables XIII and XIV. 
Immunoprotective Studies on Immunosuppressed Mice 
The protective effect of immunization in iramunosuppressed 
mice following subsequent challenge with P. berghei was assessed 
using parameters described earlier. These results are shown in 
Tables XV a and XV b. 
The infection curves in various experimental groups are 
shown in figures 32 and 33. The length of prepatent period in 
cyclophosphamide treated immunized group was equal to that of 
antigen-gluean immunized group. Cyclophosphamide treatment prior 
to challenge, even in the unimmunized mice increased the length 
of prepatent period marginally. But, it remained unaltered in 
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4 8 12 16 20 
Days after inoculation 
Figure 32: Course of P. berghei infection in immunocompromised, 
immunized mice. 
liach mouse was inoculated intraperitoneally with 
6 
5 X 10 parasitized mouse erythrocytes on day 0. 
The groups were: 
#-—•Cyclophosphamide treated; #-—# hydrocor-
tisone treated; and #-—# azathioprine treated. 
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Figure 33: Course of P. berghel infection in iiMunocompromised, 
unimmunized mice. 
Sacli mouse was inoculated intraperitoneally with 
5 X 10 parasitized mouse erythrocytes on day 0. 
The groups were; 
O O cyclophosphamide treated; • 
treated; and # # azathioprine treated. 
hydrocortisone 
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other groups. All the inunimosuppressed animals, either immunized 
or unimmunized, showed patent infection following challenge with 
live parasites (Table XV a). 
Peak parasitemia was decreased to 33*1^ in cyclophosphamide 
treated and antigen-glucan immunized animals. But there was no 
such change in the peak parasitemia in other immunosuppressed 
mice (Table XV a). 
Some of the cyclophosphamide treated animals, either immu-
nized or unimmunized, were able to survive the challenge. Similar-
ly, about 30^ of the azathioprine treated and antigen-glucan immu-
nized mice also survived the challenge. But challenge with live 
E» ]?erghei organisms resulted in 100^ mortality in other immuno-
suppressed groups. The mortality curves of all these groups are 
shown in figure 3^' 
The value of spleen weight/body weight ratio was increased 
in all groups of immunosuppressed animals. Similarly, liver 
weight/body weight ratio was also increased in all the immunocom-
promised animals except cyclophosphamide treated, antigen-glucan 
immunized group. These results are presented in Table XV b. 
Malaria pigment accumulation in liver and spleen, following 
challenge, was examined in all groups. Pigment accumulation in 
the two organs was minimum in cyclophosphamide treated, antigen 
glucan immunized group. These results are shown in Table XV b. 
- 109 -
4 8 12 16 
Days after inocuLation 
25 
Figure 3^: Mortality curves of inrnunoeompromised mice. 
The groups were: 
^..—^ - Aza U; • • — • - He U; • • - Cy U; 
0 % _ Cy I; O O- Aza I; and #--—• - He I. 
V/here: Aza - Azathioprino treated, 
He - Hydrocortisone treated, 
Cy - Cyclophosphamide treated, 
J - Unimmunized 
I - Iminunized against P. bernhei antigen. 
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Cell mediated and humoral immune responses of mice in the 
immunosuppressed groups during post-challenge period were assessed 
by various tests. Cyclophosphamide treated and hydrocortisone 
treated animals did not develop any significant antibody response 
while azathioprine treated and immunized mice showed a high anti-
body titer. None of the immunosuppressed animals except cyclo-
phosphamide treated were able to elicit a cell mediated immune 
response. Even unimmunized, cyclophosphamide treated animals 
developed cell mediated immune response following challenge, 
although it was rather weak. The diameters of delayed skin 
reactions in cyclophosphamide treated, immunized and unimmunized 
mice were 11.5' mm and 5«^ mm, respectively. The spreading of 
macrophages in these two groups was also inhibited in the presence 
of specific antigen. These results are presented in Table XYI. 
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DISCUSSION 
Many polysaccharides, isolated from microbes have been shown 
to possess the property of enhancing non-specific host resistance. 
Some of the most widely studied polysaccharides are glucan, schizo-
phyllan, lentinan, mannan and krestin etc. Glucan has also been 
shown to possess adjuvant property. This polysaccharide enhances 
protective immunity when given in combination with various parasi-
tic antigens. In the present studies, glucan isolated from 
S. cerevisiae was used as an adjuvant in combination with soluble 
£• berghei antigen for immunization of mice. The adjuvant action 
of glucan was compared with that of FCA. The effect of glucan-
antigen immunization on normal and immunesuppressed mice was 
studied. 
A large number of vaccination studies have been carried out 
using avian, rodent, monkey and human malaria systems. Antigens 
prepared from sporozoites, exoerythrocytic stages, blood stages 
and gametocytes have been used for such studies. Mostly, antigen 
preDarations containing sporozoites, or blood stages, have been 
employed in such vaccination studies. Various types of antigen 
preparations such as heat killed, formalin treated, irradiation 
inactivated and free preparations of parasites were used for animal 
immunizations. Ultraviolet irradiated sporozoites of 
P. gallinaceium have been used by Mulligan et al. (19^ +1) to immunize 
birds. Wussenzweig et al. (1967) immunized their mice by 
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administring a single dose of X-irradiated sporozoites. Orjih and 
Nussenzweig (1930) have recently used sporozoites previously 
incubated vrith normal mouse serum for immunizing mice. Vanderberg 
et al. (1970) employed repeated bites of X-irradiated, P. berghei 
infected mosquitoes to immunize their experimental mice. Beaudoin 
et al.(1975> 197?) used viable sporozoites of P. berghei to 
immunize rats and mice. The use of adjuvants for immunizing 
animals with sporozoites appeared to increase the degree of 
protection. 
Similarly, various types of antigen preparations of blood 
stages have been used for immunization purposes. All these 
workers mainly used whole parasites, or infected erythrocytes, as 
a source of antigen. Cell free preparations of blood stages of 
malaria parasites were used only by fevr workers. Redmond (1939) 
and Gingrich (19^1) used formalin and heat killed blood stages of 
P. Qathemerium for the immunization of canaries. Jacobs (19^3) 
used insoluble parasite material for immunization of birds and 
showed that use of adjuvant in combination with antigen enhanced 
the degree of protection. Many workers had used formalin killed 
malaria parasites for immunization studies (Freund §t al., 19^ +^ 5 
Finerty and Krehl, 1977; Holbrook et al., 1981). Kilejian (1978) 
was first to use purified protein for immunization against 
P. lophurae. Zuckerman et al. (1967) immunized rats against 
P» berghei using cell free extract. From the literature cited 
above, the use of an adjuvant for immunization with blood stages 
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of malaria appears to be necessary. Desowitz (197?) found that 
FCA did not induce any protective immunity when given in combina-
tion with P. berghei antigen. Many types of adjuvants such as 
BCG, C. parvum (Clark et al., 1976 a,b), saponin, hexylamine 
(Desowitz, 1975)) B. pertusis (Playfair et al» > 1977) and glucan 
(Holbrook et al., I981) have been used in experimental immuniza-
tions against P. berghei. 
In the present study glucan was used in combination with 
soluble P. berghei antigen for immunization of mice. This immuni-
zation resulted in a high degree of protection as evident from the 
challenged animals. Immunization with antigen alone, or in combi-
nation with FCA, did not give rise to such protection. The experi-
ments on imraunosuppressed mice have shown that both cell mediated 
and humoral immune responses are involved in the immune protection 
of the host against malaria. 
The antigen was isolated from P. berghei infected red blood 
cells of albino mice. Our results of leukocyte removal compare 
well with the previous findings (Zuckerman et al., 1967)* Most 
efficient method for the removal of leukocytes was to pass washed 
blood through a column of filter paper povrder as reported by 
Homewood and Neame (1976). 
In the isolation of antigen, saponin was used to induce the 
lysis of red blood cells. This resulted in lOC^ lysis of BBC 
followed with the release of free parasites. Jerusalem and Eling 
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(1969) have earlier reported that the parasites released by 
saponin lysis are free from host cell material. Siddiqui ^  al. 
(1978 h) found saponin to be the most efficient nonionic detergent 
for hemolysis, as also for the removal of proteins and sialic 
acids from red blood cell membranes. The immunological tests in 
this study further confirmed that the isolated antigen was consi-
derably free from host cell contaminants. 
The antigen used in the present study was not homogeneous 
on the basis of its molecular size. The antigen was actually 
found to contain at least three protein components. Molecular 
weights of three antigen fractions were 71200, 5'8300 and 35*800 
respectively. The Stoke's radii of three antigen fractions were 
3.^ -^  nm, 3*21 nm and 2.68 nm respectively. The values of frictional 
ratios of antigen fractions are suggestive of a globula.r nature. 
All the three fractions were immunologically active. Each of them 
reacted with anti- P. berghei serum by resolving into a single 
precipitin band in immunodiffusion and CIE runs. 
Immunization of mice using glucan as an adjuvant resulted 
in the elicitation of both humoral and cell mediated immune res-
ponses. Antigen alone or antlgen-FCA combination did not stimu-
late any cell mediated immune responses. Even serum antibody 
levels were quite lox'j in mice immunized with antigen alone. The 
results of IHA tests suggested that glucan was able to potentiate 
humoral immune responses more effectively, as compared to FCA. 
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The isolated antigen and the homologous antisera in double 
diffusion on agarose gel gave at least three precipitin hands. 
One of these bands was quite diffused. This band appeared to be 
made up of more than one precipitin line. Diggs (I966) has 
carried out imraunodiffusion studies on P. berghel antigen antibody 
system. He was able to detect five precipitin lines in P. Iperghel, 
antigen. The detection of fewer precipitin lines in our experiments 
may be due to difference in the nature of antiserum used. Diggs 
(1966) had used rabbit antiserum, while in the present studies 
mouse antisera were used. 
Some workers used CIS for the detection of anti-malarial 
antibodies. Seitz (1975) demonstrated the presence of anti-
malarial antibodies in rodent sera by using this technique. 
Bidwell et al* (1973) used this technique in P. falciparum antigen-
antibody system. This method was faster than double immuno-
diffusion. The results of this test were similar to that of 
immunodiffusion. 
The cell mediated immune responses were estimated by both 
in vivo and jji vitro methods. Delayed skin hypersensitivity 
reactions, were used for cell mediated immunity detection in these 
studies. Macrophage migration inhibition and macrophage spreading 
inhibition tests were used as Xn vitro methods for detecting cell 
mediated immune responses. Many workers have reported the develop-
ment of anti-malarial cell mediated immunity. Finerty and Krehl 
(1977) observed delayed foot pad swelling reactions against 
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P. berghel yoelii antigen in mice immunized with formalin killed 
parasites. Playfair ^  oX. (1979) have reported cell mediated 
immunity in mice immunized with formalin killed P. berghei in 
combination with Bordetella pertusis. We were able to observe 
delayed type of skin hypersensitivity reactions only in antigen-
glucan immunized mice. Antigen alone or antigen FCA did not elicit 
such reactions. Finerty and Krehl (1977) were able to observe 
delayed skin reactions in mice immunized against antigen alone. 
The apparent differenc in these results may be due to the use of 
whole parasitized, formalin treated erythrocytes by the above 
workers, while in our studies soluble antigen was used. Glucan 
appears to potentiate cell mediated immune responses against 
malaria, while FCA is not able to do the same. Histological 
examination of the reaction site showed infiltration of mainly 
mononuclear cells, although few polymorphonuclear cells were also 
present. 
The results of macrophage migration inhibition and macro-
phage spreading inhibition tests further confirmed the above find-
ings. Migration and spreading of macrophages from animals immuni-
zed v/ith antigen-glucan were inhibited in the presence of antigen. 
These activities were not present in the animals immunized against 
antigen alone or with FCA. 
A 100^ protection against lethal doses of P. berghei was 
achieved in antigen-glucan immunized animals. In antigen FCA 
immunized mice, only ^Cfo protection could be achieved while, 
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antigen alone was not able to provide such pro tec t ion . I t appears 
tha t the higher degree of protect ion achieved in antigen-glucan 
immunized animals, as compared to antigen-FCA or antigen alone 
was due to the e l i c i t a t i o n of ce l l mediated immune responses and 
as well as a higher antibody t i t e r in the former group. Holbrook 
e t a l . (1981) have used glucan as adjuvant for animal immuniza-
t ions against P. berghei . In tha t study, formalin k i l l ed blood 
stages of the pa ras i t e were used as antigen. All of the animals 
survived challenge with NK-65 s t r a in of P. berghei, but protect ion 
against NYU-2 s t r a i n of the pa ras i t e was not achieved. Butcher 
e t a l . (1978) have reported a decrease in immunological potency of 
the pa ras i t e s following the i r treatment with formalin. 
The involvement of T c e l l response in an t i -malar ia l 
immunity has been suggested by many workers (Brovm ^ a l . , 1976a,b; 
Weinbaum et a l . , 1978; Finer ty and Krehl, 1977; Spitalny ei j d . , 
1977; B h a t i a e i a l . , 198I; and Playfair e t ^ . , 1979). T c e l l s 
are the actual effector ce l l s of c e l l mediated immunity. Sensi-
t ized T c e l l s , on receiving stimulation from the antigen, 
r e l ease many soluble factors which are known as lymphokines. Many 
reac t ions are mediated through these lymphokines. Macrophage 
migration inh ib i t ion , macrophage spreading inh ib i t ion and delayed 
type skin hypersens i t iv i ty react ions are some of them. Thus, the 
immunization of mice with antigen-glucan combination r e su l t s not 
only in the e l i c i t a t i o n of humoral response but also T ce l l 
ac t iva t ion . 
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Cyclophospliainide treatment of fully iiamunocompetent mice 
suppressed their ability to elicit a humoral immune response. 
Previous studies have also suggested cyclophosphamide as a 
suppressor of antibody forming capability (Lagrange ^  al., 197^; 
Putnam et al., 1975; Turk and Poulter, 1972). This reagent does 
not suppress but somewhat potentiates cell mediated immune response 
(Lagrange ^  al., 197^)' 
In the present studies, cyclophosphamide treated mice were 
found to give some resistance against malarial infection. These 
findings are similar to earlier reports. Finerty and Krehl (1976) 
and Endardjo e^ al. (1978) have reported that cyclophosphamide 
treatment protects mice against malarial infections. These 
animals developed a cell mediated immune response following 
challenge, although the immune response was weak. Thus, the pro-
tection of cyclophosphamide treated mice appears to be the result 
of induction of cell mediated immunity. This has also been sugges-
ted by Finerty and Krehl (197^). But, on the contrary, immuniza-
tion of cyclophosphamide treated mice did not give them 100^ pro-
tection as was achieved in untreated immunized mice. These animals 
were not able to produce antibodies. The absence of serum anti-
bodies may be the principal reason for achieving a lox-zer degree 
of protection in cyclophosphamide treated mice. 
Azathioprine treatment was used for suppressing the ability 
of mice to elicit a cell mediated immune response. These animals 
could not produce a cell mediated immune response on immunization 
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against P. berghel antigen. The degree of protection against the 
challenge was found to be markedly low in comparison to untreated 
immunized animals. There are many reports which suggest the 
involvement of T as well as B cells in antimalarial immunity. 
A poor protective immunity may he due to the suppression of T 
cell function in azathioprine treated mice. 
Hydrocortisone causes the destruction of both T and B 
cells. In the present studies, hydrocortisone treatment of mice 
rendered them immunosuppressed. These animals were unable to 
elicit either humoral or cell mediated immune responses. The 
immunization of these animals against P. berghei was found ineffec-
tive as no protection was available against the challenge doses. 
Hydrocortisone treated animals were found to be even more suscep-
tible to P. berghei infection, as suggested by a decreased survival 
period following challenge. 
These, studies on immunocompromised animals suggest that 
both T and B cell responses are involved in anti-malarial 
immunity. Glucan, when used as an adjuvant, appears to potentiate 
both T and B cell functions. 
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CONCLUSION 
In shor t , the r e su l t s of these studies suggest that the 
i so la t ed antigen was considerably free from host ce l l material and 
was immunologically ac t ive . I t was found to be heterogenous on 
the basis of molecular s i ze . I t consisted of at l e a s t three pro-
t e i n components having molecular weights of 71200, ^8300 and 3^800 
respec t ive ly . All the three antigen fract ions were found immuno-
log ica l ly ac t ive . Each of the f ract ion reacted with an t i -
2.» berghei serum to give a single p r ec ip i t i n band in immunodiffusion 
and CIE runs. Results of immunization experiments suggested that 
the use of adjuvant was necessary to e l i c i t a strong immune response 
against P. berghei antigen. FCA and yeast glucan were used as 
adjuvants in these s tudies . Only humoral immune responses were 
detected when FCA was used as an adjuvant. But the use of glucan 
as an adjuvant with antigen was found to po ten t ia te both humoral 
and c e l l mediated immune responses against P. berghei . The 
e l i c i t e d immune responses were found to be pro tec t ive in na ture . 
Antigen-glucan immunization afforded 100^ protect ion to the hos t . 
Although some of these animals patented infec t ion , but t he i r 
recovery was spontaneous. The course of parasitemia, malarial 
pigment accumulation in the l i ve r and spleen, and, the survival 
of experimental animals in the post-challenge period suggested 
t h a t antigen-glucan immunizations can protect the host against 
in fec t ions caused by blood stages of P. ]?erghei. Antigen-glucan 
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immunization was found to be ineffective in animals in which T 
and B cell responses were previously suppressed. Both, humoral 
immune response depressed or cell mediated immunity depressed 
animals were not completely protected following immunizations. 
On the basis of these results, it appears that both limts of 
immunity are involved in host protection against malaria. 
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